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ABSTRACT 
T h i s s tudy d e s c r i b e s the s o c i a l behav iour o f the p i g e o n , w i t h p a r t i c u l a r 
r e f e r e n c e to a g o n i s t i c b e h a v i o u r . 
The e thogram, p r e s e n t e d In Chapter 2 , i n c l u d e s a d e s c r i p t i o n o f the 
a g g r e s s i v e , c o u r t s h i p and maintenance behav iour p a t t e r n s o f p i g e o n s . A 
s e l e c t i o n of sonograms of pigeon v o c a l i s a t i o n s , which shows the d i v e r s i t y o f 
the c a l l s , and t h e i r a s s o c i a t i o n w i t h the accompanying b e h a v i o u r , i s p r e s e n t e d . 
The f u n c t i o n and c a u s a t i o n o f some of the behav iour p a t t e r n s a r e d i s c u s s e d . 
In an attempt to i n v e s t i g a t e the mechanisms i n v o l v e d In the r e g u l a t i o n 
o f a g g r e s s i o n between c o n s p e c l f i c n e i g h b o u r s , the a g o n i s t i c behav iour shown 
by a dominant male p i g e o n , when a l l o w e d to i n t e r a c t w i t h a s u b o r d i n a t e m a l e , 
was recorded o v e r 10 days (Exper iment 1 ) . I t was found t h a t a g g r e s s i v e 
b e h a v i o u r showed a l a r g e decrement o v e r the f i r s t two d a y s . T h r e a t e n i n g 
b e h a v i o u r became more e v i d e n t t h e r e a f t e r . The c a u s a l and f u n c t i o n a l 
s i g n i f i c a n c e o f t h e s e and o t h e r a g o n i s t i c b e h a v i o u r s a r e d i s c u s s e d i n t h i s 
c o n t e x t . I t was shown t h a t d i u r n a l rhythms d i d not a f f e c t a g o n i s t i c b e h a v i o u r . 
The e f f e c t s of t o t a l s o c i a l i s o l a t i o n on a g o n i s t i c behav iour was 
i n v e s t i g a t e d in t h r e e male p igeons (Exper iment 2 ) . The r e s u l t s o b t a i n e d do 
not s u g g e s t a b u i l d - u p o f an " a g g r e s s i v e d r i v e " , d u r i n g the p e r i o d s i n 
i s o l a t i o n , wh ich I s e x p r e s s e d through the performance o f a g g r e s s i v e behav iour 
a f t e r i s o l a t i o n . The p o s s i b l e e f f e c t s o f i s o l a t i o n on o t h e r a g o n i s t i c 
b e h a v i o u r s a r e d i s c u s s e d . 
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CHAPTER ONE 
INTRODUCTION 
T h i s t h e s i s d e s c r i b e s t h e s o c i a l b e h a v i o u r o f t h e p i g e o n (Columba l i v i a ) . 
One c l a s s o f b e h a v i o u r i s i n v e s t i g a t e d i n p a r t i c u l a r , namely a g o n i s t i c 
b e h a v i o u r . 
The p i g e o n i s u n u s u a l l y w e l l s u i t e d f o r b e h a v i o u r a l r e s e a r c h . I t a d a p t s 
v e r y q u i c k l y t o a l a b o r a t o r y e n v i r o n m e n t , b r e e d s w e l l i n c a p t i v i t y , and 
e x h i b i t s d i s c r e t e f u n c t i o n a l u n i t s o f b e h a v i o u r w h i c h a r e r e a d i l y and c l e a r l y 
r e c o g n i s a b l e by an o b s e r v e r . M o r e o v e r , i t has been t h e s u b j e c t o f i n v e s t i g a t i o n 
by w o r k e r s such as Lev i (19^1) and Whi tman ( 1 9 1 9 ) , who have p r o v i d e d a good 
i n f o r m a t i v e backg round a b o u t i t s b e h a v i o u r . A l t h o u g h t h e r e p r o d u c t i v e b e h a v i o u r 
o f t h i s s p e c i e s has been s y s t e m a t i c a l l y s t u d i e d by w o r k e r s such as F a b r i c i u s 
and Jansson ( I 9 6 3 ) , i n v e s t i g a t i o n o f t h e p i g e o n ' s a g o n i s t i c b e h a v i o u r has 
been n e g l e c t e d . T h i s t h e s i s p r e s e n t s two e x p e r i m e n t s w h i c h , i t i s h o p e d , w i l l 
a c t as a f o u n d a t i o n f o r f u r t h e r i n v e s t i g a t i o n i n t o t h i s c l a s s o f b e h a v i o u r . 
I n C h a p t e r 2 , I p r e s e n t : f i r s t , as c o m p r e h e n s i v e a c o v e r a g e as p o s s i b l e 
, o f t h e a g g r e s s i v e , m a i n t e n a n c e and c o u r t s h i p ( i n c l u d i n g r e p r o d u c t i v e ) 
b e h a v i o u r p a t t e r n s o f p i g e o n s , w h i c h i n c l u d e s a s e l e c t i o n o f sonograms o f 
p i g e o n v o c a l i s a t i o n s show ing t h e d i v e r s i t y o f and be tween t h e c a l l s . S e c o n d , 
a c o n c i s e d e s c r i p t i o n o f t h e c o u r t s h i p and a g o n i s t i c e n c o u n t e r s i n t h i s s p e c i e s ; 
and t h i r d , a n a l y s e s o f t h e p o s s i b l e c a u s a t i o n and f u n c t i o n s o f some o f t h e 
b e h a v i o u r p a t t e r n s d e s c r i b e d . 
P r e v i o u s e x p e r i m e n t a l work u s i n g f i s h and m i c e d e m o n s t r a t e d t h a t i n t r a -
s p e c i f i c f i g h t i n g " c a n v a r y as a f u n c t i o n o f t h e d e g r e e o f e x p o s u r e t o 
a g g r e s s i v e e x p e r i e n c e s i n an o t h e r w i s e c o n s t a n t t e s t i n g e n v i r o n m e n t " ( C o n n o r , 
1 9 7 ^ ) . W i t h t h i s i n m i n d , t h e s e e x p e r i m e n t s f o l l o w e d two main t r e n d s : (a ) 
H a b i t u a t i o n e x p e r i m e n t s and (b) I s o l a t i o n e x p e r i m e n t s . C h a p t e r s 3 and k 
p r e s e n t an i n v e s t i g a t i o n i n t o t h e e f f e c t s o f (a ) c o n s t a n t e x p o s u r e o f a ma le 
p i g e o n t o a n e i g h b o u r i n g ma le c o n s p e c i f i c and (b) s o c i a l i s o l a t i o n , on t h e 
a g o n i s t i c b e h a v i o u r o f p i g e o n s . 
Peeke and Veno (1973) s u g g e s t t h a t i n f i s h and b i r d s s i m i l a r mechanisms 
may be r e s p o n s i b l e f o r t h e m a i n t e n a n c e o f l o w e r e d l e v e l s o f a g g r e s s i o n be tween 
t e r r i t o r i a l n e i g h b o u r s . I n C h a p t e r 3 , t h e e x p e r i m e n t t e s t s w h e t h e r ma le 
p i g e o n s can m a i n t a i n l o w e r e d l e v e l s o f a g g r e s s i o n o v e r a p e r i o d o f days as w e l l 
as i n v e s t i g a t i n g o t h e r a g o n i s t i c b e h a v i o u r s . The e x p e r i m e n t a l d e s i g n e n s u r e d 
t h a t t h e e x p e c t e d w a n i n g and any r e c o v e r y o f a g g r e s s i v e b e h a v i o u r c a n n o t be 
a t t r i b u t e d t o e i t h e r changes i n e n v i r o n m e n t a l f a c t o r s (such as changes i n 
p h o t o p e r i o d o r t e r r i t o r i a l n e i g h b o u r s ) o r t h e f r e q u e n c y o f e n c o u n t e r s between 
p i g e o n s . A l l o f t h e s e f a c t o r s a r e k e p t c o n s t a n t t h r o u g h o u t t h e e x p e r i m e n t . 
C h a p t e r 4 d e s c r i b e s a b r i e f e x p e r i m e n t i n v e s t i g a t i n g t h e e f f e c t s o f 
t o t a l s o c i a l i s o l a t i o n o n , m a i n l y , t h e a g o n i s t i c b e h a v i o u r o f ma le p i g e o n s . 
I n t h i s e x p e r i m e n t , dom inan t ma le p i g e o n s p r e v i o u s l y p l a c e d i n i s o l a t i o n f o r 
v a r y i n g p e r i o d s o f t i m e , a r e t e s t e d i n d i v i d u a l l y w i t h a s u b o r d i n a t e m a l e , 
and t h e i r b e h a v i o u r r e c o r d e d , i t i s a r g u e d t h a t t h e b e h a v i o u r s shown by 
t h e p i g e o n s i m m e d i a t e l y a f t e r i s o l a t i o n may r e f l e c t p o s s i b l e changes i n 
t h e i r m o t i v a t o r y o r p h y s i o l o g i c a l s t a t e s b r o u g h t a b o u t by s o c i a l i s o l a t i o n . 
I t i s hoped t h a t t h e s e e x p e r i m e n t s may t h r o w some l i g h t on t h e manner i n 
w h i c h " m o t i v a t i o n a l " v a r i a b l e s a f f e c t i n t r a - s p e c i f i c a g g r e s s i o n , as w e l l as 
s t i m u l a t i n g f u r t h e r r e s e a r c h on t h e a g o n i s t i c b e h a v i o u r o f p i g e o n s . 
!:TKOG:^A;< 
2.1 1 n t r o G J C t i o n 
Even t h o u g h t h e p i g e o n i s one o f s t a n d a r d l a b o r a t o r y b i r d s p e c i e s 
t h a t a r e used i n b e h a v i o u r a l r e s e a r c h , i t i s r e m a r k a b l e t h u t £i co r . ip rohone ive 
d e s c r i p t i v e c a t a l o g u e o f i t s b e h a v i o u r i s s t i l l l a c k i n g . Such a c a : ; c l o £ u e 
i s f u n d a m e n t a l f o r an a c c u r a t e c o m m u n i c a t i o n a - o n g i n v o s t i g a t o r s a n d a l s o 
f o r advanced q u a n t i t a t i v e b e h a v i o u r a l v ra rk , p a r t i c u l a r l y f o r L;- .OGC : w o r k a r s 
who need t o a s s e s s b e h a v i o u r a l change even t h o u g h t h e i r i n t e r e s t s be 
p r i m a r i l y e l s e w h e r e ( e . g . p h y s i o l o g i s t s , p h a r m a c o l o g i s t s , e n d o c r i n o l o g i s t s 
e t c . ) . The f i r s t p a r t o f t h i s t h e s i s i s i n t e n d e d as a f o u n d a t i o n f o r such 
a c a t a l o g u e . 
Whi tman ( 1 9 1 9 ) , C a r p e n t e r ( 1 9 3 3 ) , K c i n r o t h and H c i n r o t h (194S) and 
more r e c e n t l y F a b r i c i u s and Jansson ( 1 9 6 3 ) , have a l l d e s c r i b e d t r .^ c o u r t s h i p 
and r e p r o d u c t i v e b e h a v i o u r o f t h e p i g e o n . However , t h e r e has been v e r y 
l i t t l e d e s c r i p t i o n o f t h e a g o n i s t i c b e h a v i o u r e n c o u n t e r s and m a i n t e n a n c e 
b e h a v i o u r i n t h i s s p e c i e s , w i t h t h e e x c e p t i o n o f Goodwin ( 1555 , ' 967 ) and 
Lev i ( 1 9 4 1 ) . Some o f t h e a g o n i s t i c , as w e l l as c o u r t s h i p and m a i n t e n a n c e 
b e h a v i o u r p a t t e r n s o f - r i n g doves a r e v e r y s i m i l a r t o t h o s e o f p i g e o n s . 
M i l l e r and M i l l e r (1958) g i v e a s y n o p s i s o f t h a b e h a v i o u r p a t t e r n s o f r i n g 
doves ( S t r e p t o p e l i a r i s o r i a ) , and more r e c e n t l y Harwood and Vowles ( i S 6 7 ) 
have d e s c r i b e d t h e d e f e n s i v e b e h a v i o u r o f t h i s s p e c i e s ; b u t b o t h a c c o u n t s 
a r e f a r f r o m c o m p l e t e . 
I n t h e f o l l o w i n g s e c t i o n , t h e b e h a v i o u r p a t t e r n s w h i c h a r e a s s o c i a t e d 
w i t h c o u r t s h i p , m a i n t e n a n c e and a g g r e s s i o n i n t h e f e r a l p i g e o n , a r e d e s c r i D a d . 
E i b l - E i b e s f e l d t (1970) d e s c r i b e s such an i n v e n t o r y o f b e h a v i o u r p a t t e r n s as 
an e t h o g r a m . As p a r t o f t h e e t h o g r a m , a s e l e c t i o n o f p i g e o n v o c a l i s a t i o n s 
a r e p r e s e n t e d , chosen t o show d i v e r s i t y w i t h i n and batv;een p i g t o n s . 
I 
Both C r a i g (1908) and Beer (1970) i n d i c a t e t h e i m p o r t a n t r o l e o f p i g e o n 
and dove v o c a l i s a t i o n s i n I n f l u e n c i n g s o c i a l b e h a v i o u r , as a means o f 
c o m m u n i c a t i o n and r e c o g n i t i o n between i n d i v i d u a l s , and a l s o o f s p e c i e s 
r e c o g n i t i o n . C r a i g s t a t e s : " t h e v o i c e ( o f p i g e o n s ) i s a means o f s o c i a l 
c o n t r o l a means o f i n f l u e n c i n g t h e b e h a v i o u r o f i n d i v i d u a l s so as t o 
b r i n g them i n t o c o - o p e r a t i o n , one w i t h a n o t h e r " , and " t h e young doves have 
imp ressed upon t h e i r m i n d s , . , ; , t h e f a c t o f d i f f e r e n c e s ( i n t h e i r v o i c e s ) 
be tween i n d i v i d u a l s " . S e v e r a l a u t h o r s ( e , g . H e i n r o t h a n d H e i n r o t h , 1 9 ^ 9 , 
F a b r i c i u s and J a n s s o n , I 9 6 3 , A k e r m a n , 1966a, b) have used o n o m a t o p o e i c 
r e n d e r i n g s o f t h e c a l l s l o o s e l y and s o m e t i m e s , when t h e s e a r e d e s c r i b e d i n 
c o n j u n c t i o n w i t h t h e accompany !ng b e h a v i o u r , i n c o r r e c t l y . 
Some o f t h e t e r m i n o l o g y used i n t h e f o l l o w i n g e t h o g r s m i s s i m i l a r t o 
t h a t used by D e l i u s ( 1 9 6 9 ) , and Feekes ( 1 9 7 1 ) , b u t t h i s does n o t n e c e s s a r i l y 
i m p l y t h a t I c o n s i d e r t h e r e l e v a n t b e h a v i o u r p a t t e r n s o f p i g e o n s t o be 
homologous w i t h t h o s e o f s k y l a r k s and Burmese red j u n g l e f o w l , 
2 . 2 S u b j e c t s and Methods 
The p i g e o n s used were o f homing s t o c k o b t a i n e d t h r o u g h a l o c a l d e a l e r , 
and were housed f o r a t l e a s t f o u r months b e f o r e t h e y w e r e used f o r 
o b s e r v a t i o n and e x p e r i m e n t a t i o n . The p i g e o n s we re k e p t i n g a l v a n i s e d m e t a l 
cages m e a s u r i n g kO x kO x. k5 c m , , a t a c o n s t a n t room t e m p e r a t u r e o f + 2 1 ° C , 
and a l i g h t i n g s c h e d u l e o f 12 h r s , l i g h t : 12 h r s , d a r k , t h e l i g h t s coming 
o n a t 0 8 , 0 0 h o u r s and s w i t c h i n g o f f a t 2 0 . 0 0 h o u r s . Food and w a t e r we re 
g i v e n ad l i b i t u m . D u r i n g t h i s a c c l i m a t i s a t i o n p e r i o d t h e b i r d s became 
accus tomed t o h a n d l i n g and o b s e r v a t i o n , so t h a t s u b s e q u e n t l y t h e o b s e r v a t i o n 
o f b e h a v i o u r a l d a t a were e a s i l y a c c o m p l i s h e d . A l l t h e p i g e o n s used w e r e 
o v e r one y e a r o f a g e . 
For t h e r e c o r d i n g and o b s e r v a t i o n o f b e h a v i o u r , a v a r i e t y o f t e c h n i q u e s 
was e m p l o y e d : n o t a t i o n , t a p e r e c o r d i n g , v i d e o r e c o r d i n g , c i r.ema t o g r a p h y and 
s t i l l p h o t o g r a p h y . I n o r d e r t o o b s e r v e and r e c o r d p i g e o n b e h a v i o u r i n 
v a r i o u s c o n t e x t s , a l l t h e p o s s i b l e p a i r i n g s between t h e p i c t i o n sexes were 
u s e d , i . e . ma le - m a l e , ma le - f e m a l e , and f e m a l e - f e m a l e p a i r s . When 
u s i n g ma le - f e m a l e e n c o u n t e r s f o r b e h a v i o u r a l o b s e r v a t i o n s , b o t h b r e e d i n g 
p a i r s and ' s t r a n g e ' p a i r s o f b i r d s were u s e d . The o b s e r v a t i o n s were made o v e r 
a p e r i o d o f n i n e m o n t h s , 
2 . 3 Sound r e c o r d i n g 
The sound r e c o r d i n g s p r e s e n t e d i n t h i s s t u d y were made w i t h t h e a i d o f 
a M a r c o n i p h o n e model 4218 t a p e r e c o r d e r ( B r i t i s h Rad io C o r p o r a t i o n L t d . ) 
a t 3 t a p e speed o f 18 cm, p e r second ( t h e f r e q u e n c y response o f t l i e t a p e 
r e c o r d e r a t t h i s speed i s 40 - I8OOO H z , ) , Fo r t h e p u r p o s e s o f c a l l a n a l y s i s , 
c o n t o u r e d sound s p e c t r o g r a m s were made f r o m t h e t a p e r e c o r d i n g s by means o f 
a S o n o - g r a p h (Kay E l e c t r i c C o , , S o n o - g r a p h t y p e B/65) , a t a ' n a r r o w band ' 
(45 H z . ) f i I t e r s e t t i n g and a ' h i g h shape ' c i r c u i t . The f r e q u e n c y range 
c o v e r e d was f r o m 0 t o 1 k H z . , s i n c e t h e c a l l s d i d n o t show main e n e r g i e s 
above 1 k H z . ; t h e b a s e - l i n e f o r t h e s p e c t r o g r a m s was a 45 Hz, b a n d . I n 
i n t e r p r e t i n g t h e c o n t o u r s , t h e d a r k e r c o n t o u r s i n d i c a t e h i g h e r e n e r g i e s o f 
a c a l l a t t h a t p a r t i c u l a r f r e q u e n c y . 
The s o n o - g r a p h d rum-speed was 12.7 cm. p e r s e c o n d . The v o c a l i s a t i o n s 
o f t w e l v e p i g e o n s a r e d e n o t e d by t h e p r e f i x P f o l l o w e d by t h e i r r i n g number , 
e . g . P 35 e t c . 
F i g u r e 2 , 1 i s a d i a g r a m m a t i c a l r e p r e s e n t a t i o n o f a d r i v i n g c a l l , w h i c h 
i n c l u d e s t h e H e i n r o t h s o n o m a t o p o e i c r e n d e r i n g . R e f e r r i n g back t o t h e f i g u r e , 
one can see t h a t each i n d i v i d u a l c a l l i s composed o f e l e m e n t s , s y l l a b l e s 
and p h r a s e s . The e l e m e n t s a r e t h e s m a l l e s t d i s c e r n i b l e v o c a l u n i t s i n a 
s y l l a b l e and one e l e m e n t o r a g r o u p o f e l e m e n t s h a v i n g a f i x e d a r r a n g m e n t 
c o n s t i t u t e one s y l l a b l e , A p h r a s e i s made up o f a g roup o f s y l l a b l e s . 
E lemen ts may be spaced o v e r f r e q u e n c y o r t i m e o r b o t h and t h e t e m p o r a l i n t e r v a l 
be tween e l e m e n t s s h o u l d be l e s s t h a n 0 , 0 5 s e c o n d s . I n t e r - p h r a s e s p a c i n g can 
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F i g u r e 2 , 1 A d iagrammat ic r e p r e s e n t a t i o n of a d r i v i n g c a l l (P 1 7 ) , 
i l l u s t r a t i n g the te rmino logy used f o r s e c t i o n s of the 
c a l l . Only the main e n e r g i e s a t t h e i r r e s p e c t i v e 
f r e q u e n c i e s w i t h i n t h e c a l l a r e shown, and c o n s e q u e n t l y 
when de te rmin ing the temporal I n t e r v a l s f o r the contoured 
spect rograms one must do so from main energy to main 
e n e r g y . 
v a r y , but can be taken to be 0 . 0 7 5 s e c o n d s , and in c e r t a i n c i r c u m s t a n c e s 
s i n g l e s y l l a b l e s can c o n s t i t u t e a s i n g u l a r p h r a s e . 
2 .k D s s c r i p t i o n o f B e h a v i o - j r 
A G G R E S S I V E P E C K I N G : W i t h i t s beak o p e n , t h e p i g e o n pecks 
a t t h e o p p o n e n t , u s u a l l y g r a s p i n g a r e a s 
o f t h e head and neck f i r m l y i n i t s beak and g i v i n g v i g o r o u s h e a d - s h a k e s . 
O t h e r a r e a s , such as t h e w i n g and back f e a t h e r s , may be g r a s p e d by t h e 
a t t a c k i n g b i r d . Sometimes t h e dominan t p i g e o n w i l l t r e a d on t h e o p p o n e n t ' s 
t a i l and back d u r i n g i n t e n s e a g g r e s s i o n , w h i l e s t i l l g r a s p i n g t h e neck i n 
i t s b i l l . A g g r e s s i v e p e c k i n g i s seen most f r e q u e n t l y d u r i n g e n c o u n t e r s 
betv;een male p i g e o n s , and can l e a d t o - f u r t h e r t y p e s o f a t t a c k . T h i s b e h a v i o u r 
a l s o o c c u r s a f t e r a sequence o f c o p u l a t i o n s d u r i n g t h e p r e - I n c u b a t i o n phase 
o f t h e b r e e d i n g c y c l e , when t h e male pecks a t t h e neck and crown a r e a o f t h e 
s q u a t t i n g f e m a l e q u i t e v i g o r o u s l y . T h i s may be due t o t h e male b e i n g b o t h 
s e x u a l l y and a g g r e s s i v e l y m o t i v a t e d ( F a b r i c i u s and J a n s s o n , 1 9 ^ 3 ) . 
A G G R E S S I V E I N T E N T I O N P E C K : The b i r d i s a t t e n t i v e , 
t h e neck i s s t r e t c h e d 
upv;ard and t h e head i s b r o u g h t s h a r p l y f o r w a r d and downward ; so t h a t p e c k i n g 
a c t i o n s a r e d i r e c t e d a t t h e o p p o n e n t ' s h e a d , a l t h o u g h c o n t a c t se ldom o c c u r s . 
T h i s b e h a v i o u r was n e v e r seen d u r i n g e n c o u n t e r s between male and fiemale 
p i g e o n s . 
A G G R E S S I V E B I L L I N G : W h i l e b o d y - p u s h i n g w i t h t h e i r w i n g s 
r a i s e d , t h e p i g e o n s peck a t each o t h e r s ' 
b i l l s and one b i r d may g r a s p t h e o p p o n e n t ' s b i l l i n h i s m a n d i b l e s ( P l a t e l A ) , 
Bo th b i r d s p e r f o r m . t w ! s t I n g movements , one b i r d o b v i o u s l y t r y i n g t o escape 
t h e h e l d o f t h e o t h e r , 
B O D Y - P ' J S H I N G : D u r i n g b o d y - p u s h i n g t h e w i n g s o f b o t h b i r d s and 
t h e ones i n c l o s e p r o x i m i t y a r e b r o u g h t a g a i n s t 
each o t h e r ( u s u a l l y w h i l e t h e b i r d s b i l l a g g r e s s i v e l y ) , and t h e t a l l i s f anned 
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o u t i f no t a l r e a d y s o . The p i g e o n s t h e n move a r o u n d a common c e n t r e w i t h t h e i r 
vylngs s t i l l i n a r a i s e d p o s i t i o n ( F i g , 2 , 2 , 3 ) , The l o w e r b r e a s t r e g i o n a l s o 
a p p e a r s s w o l l e n , due t o f l u f f i n g o f t h e p lumage and p o s s i b l y t o t h e e n l a r g e m e n t 
o f t h e c r o p . T h i s r e g i o n may s e r v e as some k i n d o f ' b u m p e r ' , s i n c e t h i s i s 
t h e a r e a used by t h e p i g e o n s when p u s h i n g a g a i n s t each o t h e r . 
W I N G F L I C K : A s h a r p movement o f t h e w i n g w h i c h c o n s i s t s o f a 
p o w e r f u l downward w i n g b e a t . The p i g e o n f a n s o u t i t s 
t a i l , r a i s e s t h e w i n g w h i c h i s n e a r e s t t o t h e opponen t and b r i n g s i t down 
s h a r p l y on t o t h e o t h e r b i r d ; t h e o t h e r w i n g i s r a i s e d o n l y s l i g h t l y d u r i n g 
w i n g f l i c k s o f low i n t e n s i t y ( i n t h i s c a s e , does no t r e f e r t o t h e f r e q u e n c y 
bu t t o t h e power o f t h e w i n g b e a t ) ( F i g , 2 , 2 , 1 ) . As t h e two p i g e o n s e n c r o a c h 
on each o t h e r , v ; ing f l i c k i n t e n s i t y ( b o t h t h e power and t h e f r e q u e n c y ) 
i n c r e a s e s , and t h e n o n - f l i c k i n g w i n g i s r a i s e d h i g h e r t i l l i t I s h e l d a t a 
n e a r v e r t i c a l p o s i t i o n d u r i n g h i g h a g g r e s s i o n , 
W I N G F E N D : When a f l e e i n g b i r d i s b e i n g c l o s e l y p u r s u e d by a dominan t 
m a l e , i t may f l i c k upward one o f i t s w i n g s , u s u a l l y 
h i t t i n g and t h e r e b y w a r d i n g o f f t h e p u r s u i n g b i r d . Wing f e n d i n g can be seen 
when two b i r d s t a k e up a s I d e - o n o r i e n t a t i o n t o each o t h e r : i n t h i s i n s t a n c e , 
i t I s a l s o shown by t h e s u b o r d i n a t e b i r d as a d e f e n s i v e b e h a v i o u r , and t h e 
w i n g , r a t h e r t h a n b e i n g f l i c k e d b a c k w a r d s , i s b r o u g h t s h a r p l y o u t w a r d s ( F i g . 
2 , 2 , 2 ) , 
C H A S I N G : The dom inan t jDigeon r uns i n p u r s u i t o f a f l e e i n g o p p o n e n t . 
Somet imes i n t e n t i o n - p e c k i n g o r p e c k i n g a c t i o n s a r e p e r f o r m e d 
by t h e c h a s i n g b i r d . C h a s i n g was no t o f t e n s e e n , p r e s u m a b l y because o f t h e 
r e s t r i c t i o n i n space ; b u t i t i s q u i t e common i n t h e f r e e r a n g i n g p i g e o n . 
D u r i n g a c h a s e , w h i c h i n c i d e n t a l l y i s o f some s e c o n d s ' d u r a t i o n , t h e p u r s u i n g 
F i g . 2 . 2 : (1) Wing f l i c k . N o t i c e t h e f a n n e d - o u t t a l l and t h e r a i s e d w i n g 
on t h e s i d e away f r o m t h e o p p o n e n t . (2) The p i g e o n on t h e l e f t 
i s show ing w i n g - f e n d i n g , w h i l e t h e one on t h e r i g h t i s show ing 
w i n g - f l i c k i n g . N o t i c e t h e f a n n e d o u t t a i l i n b o t h b i r d s . (3) 
Wing r a i s i n g and body p u s h i n g . (D iagrams drawn f r o m p h o t o g r a p h s ) 
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b i r d does n o t f a n o u t i t s t a i l no r does i t c a l l . 
F L E E ! 1^  G: Past l o c o m o t i o n away f r o m a p u r s u i n g o p p o n e n t . 
F R E E Z I N G : An a l a r m b e h a v i o u r i n w h i c h a l l movement c e a s e s ; so t h a t 
t h e b i r d remains m o t i o n l e s s i n t h e same b e h a v i o u r a l p o s t u r e 
v /h i ch i m m e d i a t e l y p r e c e d e d f r e e z i n g , i n c e r t a i n c i r c u m s t a n c e s , f r e e z i n g can 
be m a i n t a i n e d f o r a r e l a t i v e l y l o n g p e r i o d ' o f t i m e , and i s u s u a l l y r e l e a s e d 
by aud i t o r y s t i m u l i . 
B 0 W i N G: i m m e d i a t e l y p r e c e d i n g bow ing b e h a v i o u r , t h e ma le p i g e o n i s 
e r e c t , and v i b r a t i o n o f t h e t h r o a t i s n o t i c e a b l e ( t h i s v i b r a t i o n 
i s p r o b a b l y caused by p r e - v o c a l i s i n g movements o f t h e t r a c h e a ) . The c r o w n , 
neci< and back f e a t h e r s a r e r a i s e d ; howeve r , t h e most n o t i c e a b l e f e a t u r e o f 
t h e p r e - b o w i n g b e h a v i o u r i s t h e a p p a r e n t s w e l l i n g up o f t h e u p p e r p a r t o f 
t h e p i g e o n ' s body ( t h e b r e a s t , neck arfd head r e g i o n s ) , p a r t l y due t o t h e 
f e a t h e r f l u f f i n g o f t h i s r e g i o n and p a r t l y t o t h e s w e l l i n g up o f t h e c r o p . 
As t h e b i r d l o w e r s i t s h e a d , i t u t t e r s t h e f i r s t two s y l l a b l e s o f t h e bow ing 
c a l l . The head i s r a i s e d s l i g h t l y a g a i n ( c o m p l e t i n g t h e bow ing a c t i o n ) , 
and t h e r e m a i n d e r o f t h e bow ing c a l l i s u t t e r e d as t h e head i s r a i s e d , 
a l t h o u g h t h i s i s v e r y d i f f i c u l t t o d e t e r m i n e s i n c e some b i r d s do no t have a 
v e r y p ronounced bow ing a c t i o n . N o r m a l l y bow ing i s p e r f o r m e d w h i l e t h e b i r d 
i s w a l k i n g i n a c i r c u l a r d i r e c t i o n , a l t e r n a t i n g c l o c k w i s e and a n t i - c l o c k w i s e 
( F i g . 2 . 3 , sequence 1 - 3 ) . 
When two male b i r d s come i n c l o s e p r o x i m i t y t o each o t h e r , t h e y may bow 
i n a s i d e w a y s - o n p o s i t i o n , w h i l e r e m a i n i n g i n t h e same p l a c e . I have te rmed 
t h i s as 'S IDE-ON ' B o w i n g . 'FULL-FRONTAL' Bowing can a l s o be seen i n t h i s 
c o n t e x t , and i n f a c t i s i d e n t i c a l t o S i d e - o n Bowing e x c e p t f o r t h e o r i e n t a t i o n 
o f t h e d i s p l a y i n g b i r d , w h i c h i s f a c i n g t h e opponen t d i r e c t l y . 
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T H E B O W I N G C A L L : The bow ing c a l l as a sound p a t t e r n p e r c e i v e d b' 
t h e human e a r i s q u i t e d i s t i n g u i s h a b l e f r o m 
t h e d r i v i n g c a l l and c o n s e q u e n t l y , as t h e names i n d i c a t e , t h e two c a l l s 
appea r i n d i f f e r e n t c o n t e x t s . The bow ing c a l l i n c o n j u n c t i o n w i t h bow ing 
b e h a v i o u r i s n o r m a l l y d i r e c t e d a t c o n s p e c i f i c s w h e t h e r t h e s e a r e ma le o r 
f e m a l e : bu t as C r a i g (191^) and o t h e r s have n o t e d , i t can a l s o be d i r e c t e d 
t o i va rds human o b s e r v e r s . Depend ing on t h e c o n t e x t i n w h i c h bowing b e h a v i o u r 
i s s e e n , so t o o t h e c a l l may have d i f f e r e n t f u n c t i o n s , d e p e n d i n g on w h e t h e r 
t h e s i t u a t i o n r e q u i r e s agon i sm o r c o u r t s h i p . 
As one can see i n F i g u r e s 2.k to 2 . 6 , w h i c h show t h e bow ing c a l l s o f 
s e v e r a l p i g e o n s , t h e c a l l s t h e m s e l v e s a r e h i g h l y v a r i a b l e i n t h e i r f r e q u e n c y 
and e n e r g y s t r u c t u r e s and t e m p o r a l p a t t e r n i n g : t h e y do no t show t h e s t r u c t u r e d 
p a t t e r n i n g o f d r i v i n g c a l l s . Such i n d i v i d u a l v a r i a t i o n I n t h e bow ing c a l l s 
o f p i g e o n s w o u l d t e n d t o s u p p o r t a h y p o t h e s i s t h a t t h e s e v o c a l i s a t i o n s may 
s e r v e as I d e n t i f i c a t i o n c a l l s f o r • i n d i v i d u a 1 b i r d s . I t i s i n t e r e s t i n g t o 
n o t e t h a t m a t u r e f e m a l e p i g e o n s r a r e l y p r o d u c e t h i s c a l l and when t h e y d o , 
i t i s o f a h i g h e r p i t c h and l owe r a m p l i t u d e t h a n a ma le c a l l . The o n l y t i m e 
f e m a l e s b o w - c a l l w i t h any s o r t o f r e g u l a r i t y i s when t h e y a r e t h r e e t o f i v e 
months o f a g e , b e f o r e t h e o n s e t o f s e x u a l m a t u r i t y . 
D R I V I N G : A t t h e o n s e t o f D r i v i n g , t h e b i r d I s e r e c t and has I t s n e c k , 
c rown and back f e a t h e r s r u f f l e d . The t a l l i s f a n n e d o u t and 
i s i n c o n t a c t w i t h t h e s u b s t r a t e ; so t h a t a b r u s h i n g n o i s e i s p roduced when 
t h e p i g e o n moves . The male b i r d i s l o o k i n g d i r e c t l y a t t h e f e m a l e p i g e o n 
k e e p i n g i t s beak a t a n e g a t i v e a n g l e t o t h e h o r i z o n t a l . As t h e head i s 
l o w e r e d , t h e b i r d u t t e r s a c a l l w h i c h may be d e s c r i b e d o n o m a t o p o e l c a 1 l y as 
' w a n g - w a n g - k r o o o o ' , w h i c h I s q u i t e d i s t i n c t f r o m a bow ing c a l l (see F i g u r e s 
2.10 t o 2 . 1 ^ ) . T h r o u g h o u t t h e c a l l i n g o f t h e p h r a s e , t h e b i r d r a i s e s I t s 
head a g a i n , so t h a t i t i s f u l l y e r e c t a t t h e end o f t h e c a l l as d e s c r i b e d above 
(see a l s o F i g . 2 . 1 7 ) . The male p i g e o n may jump o r s t e p on t o t h e f e m a l e ' s 
o 
I 
mm 
(a ) 
(c ) 
l!l8 sees. 
TIME 
2.36 
F i g . 2.k (a) P 15. Bowing c a l l , (b) P 3k. Bowing c a l l , ( c ) P 28 
Bowing c a l l . (A sma l l e d i t i n g e r r o r i n C ) . 
0. 
1-
o -
g 
n 
f A w 
0 /.Osecs. 
TIME 
20 
F i g . 2 . 5 (a) P 30. Bowing c a l l . (b) P 28 . Bowing c a l l . 
(c) P 31 . Bowing c a l l . Not ice the d i f f e r e n t 
f requency /energy s t r u c t u r e s for the th ree p igeons . 
%t4 
.AST; 
1.15 sees 
TIME 
13 
1.15 s«cs 
TIME 
13 
(ii) (c) 
/./5 sees 
TIME 
2.3 
F i g . 2j6 Bowing c a l l s . (A) P 13. (B) P 20 . (C) i : P 35 . i i : P 26. 
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t a i l , and t h e b e h a v i o u r a l sequence i s r epea ted (see F i g , 2 . 3 , s e q u e n c e - 6 - 8 ) . 
D r i v i n g can r e s u l t as a d i r e c t t r a n s i t i o n f r o m t h e Bowing b e h a v i o u r and 
one i s a g a i n r e f e r r e d t o F i g . 2 . 3 , sequence 3"7. D u r i n g a D r i v i n g sequence 
i n m a l e - f e m a l e e n c o u t n e r s , t h e male b i r d may remain q u i t e s t a t i o n a r y , a l t h o u g h 
p e r f o r m i n g a l l t h e a c t i o n s w h i c h a r e c h a r a c t e r i s t i c o f t h e D r i v i n g b e h a v i o u r . 
T h i s i s te rmed 'FULL-FRONTAL' D r i v i n g ( c f . F u l l - F r o n t a l B o w i n g ) . T r e a d i n g on 
t h e o t h e r b i r d ' s t a i l by t h e dominan t p i g e o n , whe the r i t t akes p l a c e d u r i n g 
m a l e - m a l e o r m a l e - f e m a l e e n c o u n t e r s d u r i n g D r i v i n g sequences , i s q u i t e common, 
A f o r m o f d r i v i n g i s shown by some fema les a f t e r c o p u l a t i o n : b o t h w ings 
a r e l owered so t h a t t h e p r i m a r i e s a r e v e r y near t o t h e g r o u n d , and the t a i l 
i s l owe red and f a n n e d o u t , as i n t h e male d r i v i n g d i s p l a y ; but t he body i s 
k e p t i n t h e h o r i z o n t a l p l a n e ( P l a t e I B ) , W h i l e a d o p t i n g t h i s p o s t u r e t he 
f e m a l e rushes a b o u t w i t h o u t any a p p a r e n t o r i e n t a t i o n , sometimes bumping 
I n t o t h e ma le b i r d , 
D R I V I N G C A L L : D r i v i n g c a l l s show more t empora l s t r u c t u r i n g than 
bowing c a l l s , so t h a t whereas t h e l a t t e r show some 
t e m p o r a l p a t t e r n i n g between c a l l s ( a t l e a s t as p e r c e i v e d by t he human 
a u d i t o r y a n d , i n s p e c t r o g r a p h i c a n a l y s i s , v i s u a l sys tems) as w e l l as f r e q u e n c y 
p a t t e r n i n g w i t h i n c a l l s , t h e f o r m e r show t empo ra l p a t t e r n i n g m a i n l y w i ' t h i n 
c a l l s . , and somet imes a l s o between c a l l s . However, t he tempora l s e p a r a t i o n 
be tween t h e o n s e t o f s u c c e s s i v e v o c a l i s a t i o n s seems t o be v e r y i r r e g u l a r , 
and d e t a i l e d t e m p o r a l a n a l y s i s i s r e q u i r e d b e f o r e any f u r t h e r i n f e r e n c e s can 
be made. D r i v i n g c a l l s a r e accompanied by d r i v i n g - a b e h a v i o u r w h i c h i s 
n o r m a l l y a s s o c i a t e d w i t h c o u r t s h i p and t h e f o r m a t i o n and ma in tenance o f 
pa I r - b o n d s . 
The onoma topoe i c r e n d e r i n g o f a d r i v i n g c a l l , as g i v e n i n F i g . 2 . 1 , i s 
no t q u i t e c o r r e c t . A d r i v i n g c a l l sounds more l i k e ' w a n g - w a n g - k r r o o o o ' ; but 
s i n c e d r i v i n g c a l l s t hemse l ves can v a r y an a p p r e c i a b l e amount i n t h e i r tempora l 
1.0 
_ L _ 
2.0 
0.75 sees. 
TIME 
1.5 
(a) 
F i g . 2 .7 P 1. Sequence of c a l l s showing the t r a n s i t i o n from 
bowing c a l l s to d r i v i n g c a l l s , (a) Bowing c a l l s , (b) 
i n te rmed ia te o r extended bowing c a l l , (c) and (d) 
D r i v i n g c a l l s . Not ice in (d) the i n c r e a s e d temporal 
p a t t e r n i n g of the c a l l . 
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F i g , 2 . 8 P 13. Sequence of c a l l s showing the t r a n s i t i o n from 
bowing c a l l s to d r i v i n g c a l l s , (a) Bowing c a l l s , (b) 
In te rmed ia te c a l l , (c ) and (d) D r i v i n g c a l l s . 
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P 36 
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F i g 2 9 P 36 . Sequence of c a l l s showing the t r a n s i t i o n from bowing 
c a l l s to d r i v i n g c a l l s , (a) Bowing c a l l , (b) in termedia te 
c a l l , (c ) and (d) D r i v i n g c a l l s . Not ice the p r o g r e s s i v e 
change in the f requency and temporal p a t t e r n i n g of the 
ca 11 s . 
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F i g . 2 . 1 0 . P.15I D r i v i n g c a l l s . Not ice in (a) and (b) an i n c r e a s e 
in the f requency of the c a l l s , h a l f way through the end 
p h r a s e s , coupled w i th a d e c r e a s e in the energy (or 
ampli t u d e ) . 
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F i g . 2.11 P 26 , (a) - (d) D r i v i n g c a l l s . 
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F i g . 2 .12 P 15. (a) - (d) D r i v i n g c a l l s , 
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F i g . 2 .13 P 13. (a) - (d) D r i v i n g c a l l s . 
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F i g . 2.1i+ P 36. (a) - (d) D r i v i n g c a l l s . 
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F i g . 2 .15 P 17. Sequence of c a l l s showing the t r a n s i t i o n from aoo 
c a l l to d r i v i n g c a l l , (a) f a r l e f t : aoo c a l l fo l lowed 
by a bowing c a l l , (b) and (c) in termedia te c a l l s , (d) 
D r i v i n g c a l l . A g a i n , n o t i c e the change In the f requency / 
energy s t r u c t u r e and temporal p a t t e r n i n g of the c a l l s . 
0.975 sees. /.95 
0.7/5 sees. 
TIME 
1.1.3 
F i g . 2 . 1 6 P 2 6 . Sequence o f c a l l s showing t h e t r a n s i t i o n f r o m aoo 
c a l l t o d r i v i n g c a l l , (a) f a r l e f t : aoo c a l l f o l l o w e d 
by bowing c a l l , (b) Bowing c a l l s , ( c ) i n t e r m e d i a t e c a l l , 
(d ) D r i v i n g c a l 1 . 
TIME 
0-95 sees 
F i g . 2 , 1 7 Shows t h e r e l a t i v e c o - o r d i n a t i o n between a d r i v i n g c a l l and 
d r i v i n g b e h a v i o u r . The a c t u a l e x t e n s i o n o f t h e neck and t h e 
r a p i d o p e n i n g and c l o s i n g o f t h e s y r i n x may be r e s p o n s i b l e 
f o r t h e s t u t t e r i n g e f f e c t i n t h e s t r u c t u r e o f a d r i v i n g c a l l . 
p a t t e r n i ng . ves jDec ia l 1y: d u r i n g t r a n s i t i o n s f r om bowing t o d r i v i n g , an ' i d e a l ' 
c a l l was chosen i n o r d e r t o i l l u s t r a t e t h e p a t t e r n i n g o f a d r i v i n g c a l l as 
opposed t o a bowing c a l l . 
By u s i n g s l o w - m o t i o n v i d e o a n a l y s i s , a r e l a t i v e c o - o r d i n a t i o n between 
t h e components o f d r i v i n g b e h a v i o u r and t h e s t r u c t u r e and t empora l 
p a t t e r n i n g w i t h i n d r i v i n g c a l l s can be shown t o e x i s t ( F i g . 2 . 1 7 ) . The 
s t u t t e r i n g e f f e c t i n t h e c a l l i s p r o b a b l y p roduced by t h e e l o n g a t i o n o f 
t h e neck i n c o n j u n c t i o n w i t h a r a p i d o p e n i n g and c l o s i n g o f t h e s y r i n x ; 
w h i l e t h e a m p l i f i c a t i o n o f t h e c a l l depends on t h e e x t e n t t o w h i c h t h e c r o p 
i s i n f l a t e d . 
I t has a l r e a d y been shown t h a t a d r i v i n g c a l l i s r e l a t i v e l y more 
17 
s t r u c t u r e d and c o n t a i n s more ter r ipora l p a t t e r n i n g w i t h i n I t t h a n a bowing c a l l ; 
b u t t h e two t y p e s o f c a l l s a r e no t so d i s s i m i l a r i n t h e t r a n s i t i o n s f r o m one 
t y p e o*" c a l l t o t h e o t h e r ( F i g s . 2 . 7 t o 2 . 9 ) o c c u r w i t h accompany ing 
t r a n s i t i o n s f r o m one b e h a v i o u r t o t h e o t h e r ( F i g . 2 . 3 ) . S i n c e d r i v i n g 
b e h a v i o u r can be c o n s i d e r e d a c o u r t s h i p b e h a v i o u r , t h e accompany ing v o c a l i s a t i o i 
must have d i f f e r e n t f u n c t i o n s t o t h e bow ing c a l l s . 
D i f f e r e n c e s a r e e v i d e n t n o t o n l y between t h e bow ing and d r i v i n g c a l l s 
t h e m s e l v e s b u t a l s o betv/een t h e c a l l s o f d i f f e r e n t p i g e o n s . I n d i v i d u a l 
d i f f e r e n c e s i n bow ing and d r i v i n g c a l l s may be p a r t l y r e s p o n s i b l e f o r 
i n d i v i d u a l r e c o g n i t i o n between p i g e o n s e . g . i n r e c o g n i s i n g a d j a c e n t l y 
t e r r i t o r i a l n e i g h b o u r s e t c , 
N O D D I N G : The b i r d l o w e r s i t s head so t h a t t h e beak i s p o i n t i n g v e r t i c a l b 
downwards and t h e n r a i s e s i t s head a g a i n . T h i s a c t i o n i s 
r e p e a t e d s e v e r a l t i m e s i n s u c c e s s i o n . One g e t s t h e i m p r e s s i o n t h a t Nodd ing 
d u r i n g m a l e - m a l e e n c o u n t e r s i s I n c o m p l e t e i n i t s a c t i o n ; bu t t h i s i s n o t a 
c l e a r - c u t d i f f e r e n c e . 
W I N G V I B R A T I O N : T h i s b e h a v i o u r i s seen d u r i n g b o t h m a l e - m a l e and 
m a l e - f e m a l e e n c o u n t e r s . G e n e r a l l y shown by t h e 
s u b o r d i n a t e ma le i n m a l e - m a l e e n c o u n t e r s , t h e w i n g n e a r e r t o t h e o p p o n e n t i s 
v i b r a t e d , w h i l e t h e b i r d i s i n an u p r i g h t p o s i t i o n w i t h i t s neck f e a t h e r s 
r u f f l e d . Wing V i b r a t i o n i s a l s o shown by t h e male a t a p r o s p e c t i v e n e s t 
s i t e ; h o w e v e r , t h i s b e h a v i o u r may be p e r f o r m e d a t o t h e r s i t e s i n t h e cage and 
n o t n e c e s s a r i l y by t h e ma le b i r d . D u r i n g w i n g v i b r a t i o n a t t h e n e s t s i t e , 
t h e p i g e o n l i e s I n an o b l i q u e p o s i t i o n , head downwards and t a i l r a i s e d 
( a l t h o u g h somet imes t h e t a i l I s l owe red and p l a c e d f l a t a g a i n s t t h e s u b s t r a t e ) , 
mak ing q u i t e a l a r g e a n g l e w i t h t h e h o r i z o n t a l . The w i n g n e a r e s t t o t h e f e m a l e 
b i r d I s v i b r a t e d ( bu t b o t h v/ Ings a r e somet imes v i b r a t e d ) . O t h e r b e h a v i o u r s 
a p p e a r i n g i n c o n j u n c t i o n w i t h w i n g v i b r a t i o n a r e n o d d i n g and t h e " A o o " c a l l . 
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The f o r m e r b e h a v i o u r i n c o n j u n c t i o n vi'< th w i n g v i b r a t i o n i s n o r m a l l y seen i n 
a g o n i s t i c s i t u a t i o n s w h i l e t h e l a t t e r i n c o u r t s h i p s i t u a t i o n s ( " n e s t 
d e m o n s t r a t i o n " ) ; bu t t r a n s i t i o n f r o m one b e h a v i o u r t o a n o t h e r i s common. 
N I B B L I N G : T h i s b e h a v i o u r o c c u r s t h r o u g h o u t t h e p r e e n i n g b o u t s f o l l o w i n 
c o p u l a t i o n and a l s o d u r i n g n e s t d e m o n s t r a t i o n by t h e ma le 
( r e f . N i b b l i n g a t t h e n e s t s i t e ) . i n t h e f o r m e r i n s t a n c e , t h e f e m a l e s t a n d s 
q u i t e m o t i o n l e s s w h i l e t h e male n i b b l e s , r a t h e r t h a n b i l l - c o m b s , h e r neck 
and c rown f e a t h e r s ( P l a t e I I A ) c o n c e n t r a t i n g a t t i m e s i n t h e r e g i o n a r o u n d 
t h e e y e s . I n c l u d i n g t h e c e r e a r o u n d t h e f e m a l e ' s b i l l ; and t h i s a l m o s t 
a l w a y s l e a d s t o b e g g i n g by t h e m a l e , 
B E G G I N G : One b i r d pecks a t t h e b i l l , c e r e o r t h e f e a t h e r s a r o u n d 
t h e base o f t h e b i l l ( P l a t e M B ) . Begg ing by t h e male b i r d 
was n o t i c e a b l e when t h e f e m a l e c r o u c h e d . On t h e o t h e r hand b e g g i n g by t h e 
f e m a l e v/as seen t o o c c u r d u r i n g t h e p r e e n i n g b o u t s a f t e r c o p u l a t i o n . T h i s 
b e h a v i o u r l o o k s v e r y s i m i l a r t o t h e b e g g i n g shown by s q u a b s . 
B I L L I N G : F o l l o w i n g b e g g i n g , t h e ma le opens i t s beak and s w e l l s up 
i t s c r o p . A t t h e same t i m e t h e f e m a l e i n s e r t s he r b i l l i n t o 
t h e m a l e ' s mouth ( P l a t e s I I C S- D ) . As t h e ma le p e r f o r m s t w i s t i n g a c t i o n s , one 
can n o t i c e movement o f t h e c r o p o w i n g t o t h e r e g u r g i t a t i o n o f t h e f o o d , 
w h i c h i s i m m e d i a t e l y s w a l l o w e d by t h e f e m a l e . A l t h o u g h i t seems t h a t t h e 
f e m a l e p i g e o n a l s o p e r f o r m s t h e s e t w i s t i n g a c t i o n s , v i d e o a n a l y s i s showed 
t h a t t h e f e m a l e o n l y f o l l o w s t h e a c t i o n s o f t h e ma le b i r d , t h e o n l y a c t i o n s 
she does b e i n g r e l a t i v e l y u n p r o n o u n c e d , and a r e b r o u g h t a b o u t by he r 
s w a l l o w i n g t h e r e g u r g i t a t e d f o o d . 
C R O U C H ! N G : The f e m a l e s t a n d s m o t i o n l e s s i n a h u d d l e d p o s i t i o n , a f t e r 
b e i n g g i v e n a few pecks by t h e ma le ( P l a t e ! V D ) . The 
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male may p r e e n h i m s e l f w h i l e t h e f e m a l e i s s t i l l c r o u c h i n g , and he may 
s u b s e q u e n t l y show b e g g i n g I n response t o c r o u c h i n g by t h e f e m a l e . 
S Q U A T T ! N G : The f e m a l e l o w e r s he r h e a d , u s u a l l y d i r e c t l y t o one s i d e 
away f r o m t h e m a l e , w h i l e r a i s i n g a s l i g h t l y f a n n e d o u t 
t a i l ; a t t h i s s t a g e t h e a n a l r e g i o n moves i n and o u t , and t h e w i n g s a r e k e p t 
c l o s e t o t h e s i d e s ( P l a t e I M A ) , As t h e ma le app roaches t h e w i n g s a r e moved 
s l i g h t l y away f r o m t h e s i d e s . 
M O U N T I N G : i s a c h i e v e d when t h e ma le jumps on t o t h e back o f t h e 
f e m a l e p i g e o n . 
T R E A D I N G: The male b i r d f o l d s i t s w i n g s and t r e a d s w i t h I t s f e e t , 
w h i l e r e s t i n g h i s t a i l on t h e f e m a l e ' s t a i l . The ma le 
g e n e r a l l y p o s i t i o n s h i s f e e t p a r t l y on t h e a r c o f t h e w i n g and p a r t l y on 
t h e f e m a l e ' s back ( P l a t e I I I B) . Dur l -ng t r e a d i n g t h e f e m a l e b r i n g s he r 
v/ Ings I n t o a h o r i z o n t a l p l a n e . 
C O P U L A T I O N : The male f a n s o u t h i s t a i l and bends i t w h i l e p u s h i n g 
t h e f e m a l e ' s t a i l t o one s i d e ; t h e ma le t h e n bends 
t h e l o w e r p a r t o f h i s abdomen i n w a r d s u n d e r t h e f e m a l e , so t h a t c l o a c a l 
c o n t a c t can be a c h i e v e d , and p e r f o r m s v e r y f a s t , t h r u s t i n g movements e n s u r i n g 
c l o a c a l c o n t a c t ( P l a t e I M C ) . These v e r y f a s t t h r u s t i n g a c t i o n s u n b a l a n c e 
t h e m a l e , w h i c h t h e n d i s m o u n t s . The f e m a l e l o w e r s he r t a i l , r a i s e s he r head 
and somet imes p s e u d o - d r i v e s . 
The male showed s q u a t t i n g I f t h e f e m a l e p reened h i s back a l t h o u g h t h e 
f e m a l e showed no i n t e n t i o n o f m o u n t i n g t h e ma le ( P l a t e s ME S- F ) . C o p u l a t i o n s 
were i n t e r s p e r s e d w i t h l o n g b o u t s o f p r e e n i n g and o t h e r m a i n t e n a n c e a c t i v i t i e s , 
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D I S P L A C E M E N T P R E E N I N G : The p i g e o n t u r n s i t s head 
backwards and somet imes t ouches 
o r b i l l - c o m b s t h e s c a p u l a r s v e r y r a p i d l y . Goodwin (1956) s u g g e s t s t h a t t h e 
p i g e o n p l a c e s i t s b i l l be tween I t s body and t h e s c a p u l a r s w h i l e F a b r l c i u s 
and Jansson (19^3) s a y t h a t t h e s c a p u l a r s a r e t o u c h e d . I n f a c t , t h e p i g e o n 
may o r may no t t o u c h t h e s c a p u l a r s and somet imes t h e b i l l i s n o t even 
l o w e r e d t h a t f a r , r e s u l t i n g i n an i n c o m p l e t e a c t i o n , u n l i k e p r e e n i n g where 
t h e p i g e o n b i l l - c o m b s t h e s c a p u l a r s . 1 have a l s o seen d i s p l a c e m e n t p r e e n i n g 
down t h e s i d e o f t h e b r e a s t i n s e v e r a l b i r d s and I n some i n s t a n c e s t h i s t y p e 
o f p r e e n i n g resemb led head r u b b i n g a g a i n s t t h e s i d e o f t h e b r e a s t , 
H E A D R U B B I N G : The head I s t u r n e d backwards as i n d i s p l a c e m e n t 
p r e e n i n g , bu t i n s t e a d t h e head i s l owe red s ideways 
and t h e s i d e n e a r e s t t o t h e body i s rubbed q u i c k l y f o r w a r d . T h i s r u b b i n g 
a c t i o n I s r e p e a t e d tv;o o r t h r e e t i m e s ( P l a t e I V A ) , The p o s s i b l e f u n c t i o n a l 
s i g n i f i c a n c e o f head r u b b i n g w i l l b e ' d i s c u s s e d l a t e r , 
F O O T S T O M P I N G : A v e r y r a p i d , a l t e r n a t i n g s t e p p i n g a c t i o n o f t h e 
f e e t d u r i n g w h i c h t h e b i r d rema ins m®re o r l e s s 
i n t h e same p l a c e , - b u t may a t t i m e s move s l i g h t l y b a c k w a r d s . Foot s t o m p i n g 
was seen i n b o t h a g o n i s t i c and c o u r t s h i p s i t u a t i o n s , between I n t e r v a l s o f 
f i g h t i n g , and between s u c c e s s i v e sequences o f c o p u l a t i o n s , r e s p e c t i v e l y . 
F O O T P E C K I N G : The p i g e o n pecks a t I t s f o o t o r f e e t , t h e r e b y 
remov ing any l o o s e p a r t i c l e s o f m a t t e r . O c c a s i o n a l l y 
t h e f o o t i s r a i s e d t o meet t h e b i l l ( P l a t e I V F ) . Foot p e c k i n g i s most 
f r e q u e n t d u r i n g t h e t i m e t h e b i r d i s m o u l t i n g , s i n c e t h e s k i n a r o u n d t h e f e e t 
a l s o s l o u g h s o f f and t h e p i g e o n u s u a l l y pecks a t t h e l o o s e s k i n , r emov ing i t 
f r o m i t s f e e t . 
P R E E N I N G : was p r o b a b l y t h e most common a c t i v i t y o b s e r v e d . The 
f e a t h e r s a r e dravvn t h r o u g h t h e b i l l w i t h v e r y f a s t , 
u n i d i r e c t i o n a l movements ( b i 1 1 - c o m b i n g ) . S e v e r a l body a r e a s a r e p reened 
t h r o u g h o u t a p r e e n i n g b o u t : n e c k , b r e a s t , abdom ina l and back p r e e n i n g r e q u i r e 
no d e s c r i p t i o n . For w ingbow p r e e n i n g , t h e w i n g i s b r o u g h t s l i g h t l y o u t w a r d 
and f o r w a r d g i v i n g a skewed appea rance - t h e p r i m a r i e s a r e p reened by d r a w i n g 
each f e a t h e r s e p a r a t e l y t h r o u g h t h e b i l l , s t a r t i n g a t t h e base o f t h e f e a t h e r 
and d r a w i n g i t o u t w a r d . 
For w i n g f a c e p r e e n i n g t h e w i n g i s moved o u t w a r d o n l y v e r y s l i g h t l y and 
a p p r o a c h e d f r o m a b o v e . For t a i l c o v e r s and t a i l p r e e n i n g t h e b i r d t u r n s i t s 
head backwards and s t r e t c h e s i t s neck : t h e t a i l i s f a n n e d o u t and b r o u g h t 
f o r w a r d s tov^ards t h e h e a d . The b i r d b e g i n s by p r e e n i n g t h e t a i l c o v e r s bu t 
t h e n p r o g r e s s e s t o t h e t a i l f e a t h e r s t h e m s e l v e s . These a r e p reened i n a 
s i m i l a r f a s h i o n t o t h e w i n g p r i m a r i e s : t h e b i r d p reens t h e base and t h e n 
b i l l - c o m b s each f e a t h e r s e p a r a t e l y , b r i n g i n g i t f o r w a r d i n an a r c ( P l a t e i V B ) . 
P r e e n i n g o f each s e p a r a t e a r e a i s - s t e r e o t y p e d . ; howeve r , no d e t a i l e d 
s e q u e n t i a l a n a l y s i s was c a r r i e d o u t i n o r d e r t o d e t e r m i n e w h e t h e r t h e r e was 
any s p e c i f i c p a t t e r n i n p r e e n i n g b e h a v i o u r . Each p r e e n i n g bou t was o f 
v a r y i n g d u r a t i o n . 
A s i m i l a r p r o c e d u r e i s f o l l o w e d f o r o i l i n g t h e f e a t h e r s . D u r i n g sequences 
o f o i l i n g , t h e p i g e o n reaches f o r t h e o i l g l a n d w i t h t h e b e a k , a t t h e base o f 
t h e u p p e r t a i l c o v e r s . The f e a t h e r s a r e drawn more r a p i d l y t h r o u g h t h e b e a k , 
and head r u b b i n g seems t o be more f r e q u e n t d u r i n g sequences o f o i l i n g . ^ 
W I N G and L E G S T R E T C H : The b i r d s t r e t c h e s one o f i t s w i n g s 
upward and backward t h e n downward and 
o u t w a r d , a t t h e same t i m e b r i n g i n g t h e l e g upward and o u t w a r d s p a n n i n g t h e 
w i n g and f o l l o w i n g i t backwards ( P l a t e ! C ) . The t a i l i s a l s o f a n n e d o u t and 
t i l t e d t o w a r d s t h e o u t s t r e t c h e d w i n g and l e g . P igeons t end t o s t r e t c h t h e 
w i n g on one s i d e f i r s t , and soon a f t e r w a r d s t h e o t h e r . 
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B O T H W I N G S S T R E T C H : The b i r d moves I t s w i n g s s l i g h t l y o u t w a r d 
and u p w a r d , so t h a t t h e bows o f t h e w i n g s 
a r e v e r y c l o s e t o each o t h e r ; t h e w i n g s a r e n o t f u l l y s t r e t c h e d and t h e w h o l e 
sequence does no t l a s t f o r l o n g e r t h a n two t o t h r e e seconds ( P l a t e I V C ) . When 
t h i s b e h a v i o u r p recedes l e g and w i n g s t r e t c h t h e t a i l i s a l s o f anned o u t i n 
an a r c , and t h e w i n g s a r e no t moved o u t w a r d so much. 
B 0 D Y S H A K E: The b i r d f l u f f s up i t s f e a t h e r s , e s p e c i a l l y t h e r u f f , 
back and w i n g s , sp reads o u t i t s w i n g s s l i g h t l y and r u f f l e s i t s w h o l e body 
w h i l e s h u f f l i n g I t s w i n g s v e r y r a p i d l y i n an a l t e r n a t i n g sequence ( P l a t e I V E ) . 
T h i s body shake i s t r a n s m i t t e d t o t h e h e a d , r e s u l t i n g I n h e a d - s h a k i n g , and 
t o t h e t a i l w h i c h i s wagged v e r y r a p i d l y f r o m s i d e t o s i d e a l m o s t s i m u l t a n e o u s l y 
w i t h t h e body s h a k e . T A I L W A G G I N G a l s o o c c u r s on i t s own 
e s p e c i a l l y i n between p r e e n i n g b o u t s . 
F L U F F I N G : In i t s l e s s t r a n s i e n t f o r m , f l u f f i n g i s a t h e r m o r e g u l a t o r y 
b e h a v i o u r (McFa r l and and B a h e r , 1968 ) . F l u f f i n g can a l s o 
be seen d u r i n g p r e e n i n g and p r i o r t o b o d y s h a k e , and a l s o d u r i n g s e x u a l and 
a g o n i s t i c p o s t u r e s . D u r i n g p r e e n i n g and b o d y s h a k e , r u f f l i n g o f t h e f e a t h e r s 
i s most n o t i c e a b l e a r o u n d t h e b r e a s t and back r e g i o n ; a l t h o u g h when i t i s seen 
i n c o n j u n c t i o n w i t h s e x u a l and a g o n i s t i c p o s t u r e s , f l u f f i n g i s seen m a i n l y 
a r o u n d t h e h e a d , neck and a l s o t h e l owe r back a r e a s . 
H E A D S H A K E : A v e r y r a p i d s i d e t o s i d e movement o f t h e head w h i c h a l s o 
unde rgoes some r o t a t i o n and ends a b r u p t l y . Headshak ing 
g e n e r a l l y o c c u r s by I t s e l f , a l t h o u g h i t can be seen d u r i n g bodyshake and 
p r e e n i n g . I t i s p e r f o r m e d p r o b a b l y t o remove f o r e i g n m a t t e r f r o m t h e b i l l . 
H E A D-S C R A T C H I N G: The head i s l owe red and ben t t o w a r d s ' t h e f o o t , 
on t h e s i d e t o be s c r a t c h e d . The f o o t i s r a i s e d 
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t o t h e h e a d , w h i c h i s s c r a t c h e d w i t h r a p i d , downward s t r o k e s o f t h e l e g . 
P E C K I N G : The p i g e o n pecks a t t h e f l o o r (GROUND-PECK), o r s i d e s o f t h e 
c a g e , somet imes p i c k i n g up an o b j e c t i n i t s beak and t h e n 
d r o p p i n g i t a g a i n . The b i r d m i g h t r e p e a t - the same b e h a v i o u r w i t h t h e same 
o b j e c t s e v e r a l t i m e s I n s u c c e s s i o n , p e c k i n g a t t h e g round r a p i d l y . 
A p a r t f r o m p e c k i n g a t f o o d p a r t i c l e s p r i o r t o (and somet imes d u r i n g ) 
f e e d i n g , w i t h o u t a c t u a l l y i n g e s t i n g a n y , t h e p i g e o n pecks a t g r i t o r o t h e r 
p a r t i c l e s on t h e f l o o r , e s p e c i a l l y i f i t I s p l a c e d i n a new e n v i r o n m e n t . 
U s u a l l y i t i s d i f f i c u l t t o d e t e r m i n e w h e t h e r t h e p i g e o n i s l o o k i n g f o r f o o d 
p a r t i c l e s o r w h e t h e r i t i s i n v e s t i g a t i n g t h e e d i b i l i t y o f a n o v e l o b j e c t . 
I N T E N T I O N G R O U N D P E C K : W i t h r e l a t i v e l y s l o w , downward 
movement o f t h e h e a d , t h e b i r d 
p e r f o r m s a p e c k i n g m o t i o n t o w a r d s t h e g round o r f o o d p a r t i c l e a l t h o u g h 
c o n t a c t does n o t o c c u r . T h i s b e h a v i o u r o c c u r s t h r o u g h o u t g r o u n d - p e c k i n g . 
Somet imes t h e m o t i o n o f t h e head g i v e s t h e i m p r e s s i o n o f z t g - z a g g i n g . 
A T T E N T I O N : W h i l e s t a n d i n g I n a n o r m a l , u p r i g h t p o s i t i o n t h e p i g e o n 
l o o k s a r o u n d w i t h j e r k y head movements made i n a h o r i z o n t a l 
p l a n e , b u t some a r e a l s o p e r f o r m e d i n t h e v e r t i c a l p l a n e . The neck f e a t h e r s 
a r e s l e e k e d and t h e neck i s s t r e t c h e d s l i g h t l y . 
L O C O M O T I O N : W a l k i n g o r r u n n i n g by t h e p i g e o n f r o m one p l a c e I n t h e 
cage ( o r e n v i r o n m e n t ) t o any o t h e r p l a c e ; l e . movement 
w i t h no a p p a r e n t d i r e c t i o n . L o c o m o t i o n can be s l o w o r f a s t (as I n c h a s i n g 
o r f l e e i n g ) , 
P A N T I N G: A f t e r an a g g r e s s i v e e n c o u n t e r between two male b i r d s , o r when 
a p i g e o n has done a c e r t a i n amount o f s t r e n u o u s a c t i v i t y ( e g . 
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f l e e i n g I n a c o n f i n e d s p a c e ) , one o r b o t h b i r d s may show p a n t i n g w h i c h i s 
v i s u a l l y r e c o g n i z a b l e by t h e open b i l l and v i b r a t i o n o f t h e t h r o a t . The neck 
f e a t h e r s a r e s l i g h t l y f l u f f e d , 
F E E D I N G : W h i l e p e c k i n g a t f o o d p a r t i c l e s , some a r e p i c k e d up i n t h e 
b i l l and s w a l l o w e d , a l t h o u g h u n d e s i r a b l e f o o d p a r t i c l e s a r e 
d r o p p e d . When e a t i n g f r o m a f e e d i n g t r a y , t h e p i g e o n may g i v e a few s h a r p 
f l i c k s w i t h t h e b e a k , s c a t t e r i n g g r a i n s o f f o o d a n d / o r o t h e r m a t e r i a l . T h i s 
b e h a v i o u r may be u s e f u l d u r i n g f o o d s e l e c t i o n . U n l i k e most o t h e r b i r d s , d u r i n g 
DRINKING p i g e o n s suck t h e v ra te r up r a t h e r t h a n g u l p i t , 
D E F E C A T I O N : The b i r d c r o u c h e s s l i g h t l y , l i f t s t h e t a i l and 
p r o t r u d e s t h e c l o a c a . T h i s i s f o l l o w e d by a l owe r 
a b d o m i n a l c o n t r a c t i o n r e s u l t i n g I n t h e e x p u l s i o n o f t h e f a e c e s . D e f e c a t i o n 
i s p a r t i c u l a r l y n o t i c e a b l e when a p i g e o n i s s u b j e c t e d t o s t r e s s s i t u a t i o n s , 
such as b e i n g p l a c e d i n a new e n v i r o n m e n t . 
Y A W N I N G: T h i s b e h a v i o u r was most common d u r i n g p r e e n i n g b o u t s o r 
a f t e r c o u r t s h i p ' s e q u e n c e s ' . The neck i s s t r e t c h e d upward 
, and backward w h i l e t h e beak I s opened w i d e , and I s c l o s e d a g a i n as t h e head 
I s b r o u g h t f o r w a r d t o i t s normal p o s i t i o n . 
D O Z I N G : The b i r d becomes i n a c t i v e , and assumes a w i t h d r a w n o r h u d d l e d 
p o s t u r e w i t h I t s f e a t h e r s s l i g h t l y r u f f l e d . The n i c i t a t i n g 
membranes may be drawn o v e r b o t h eyes o r o v e r one eye a t a t i m e . Sometimes 
one l e g i s w i t h d r a w n so t h a t t h e b i r d s t a n d s on o n l y one l e g . 
2 . 5 B e h a v i o u r a t t h e n e s t s i t e 
M U T U A L P R E E N I N G : W h i l e t h e male shov/s n e s t d e m o n s t r a t i o n t h e 
f e m a l e a p p r o a c h e s and passes he r b i l l t h r o u g h 
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t h e head f e a t h e r s o f t h e male v e r y r a p i d l y - a b e h a v i o u r w h i c h looks l i k e 
p r e e n i n g , ( P l a t e I I P ) . I t i s v e r y d i f f i c u l t t o d e t e r m i n e whe the r t h i s 
b e h a v i o u r i s i n f a c t p r e e n i n g o r w h e t h e r i t I s d i s p l a c e m e n t p r e e n i n g o r 
n i b b l i n g by t h e f e m a l e , a t t h e nes t s i t e (Goodwin , I956 , r e f e r s t o t h i s 
b e h a v i o u r as c a r e s s i n g ; M i l l e r & M i l l e r , 1958, as h e t e r o - p r e e n i n g ) . 
N E S T D E M O N S T R A T I O N : T h i s t e rm has been used v e r y l o o s e l y 
by s e v e r a l a u t h o r s , when d e s c r i b i n g a 
' b e h a v i o u r ' w h i c h a p p e a j s no t o n l y i n c o u r t s h i p s i t u a t i o n s , but a l s o i n 
. a g o n i s t i c s i t u a t i o n s . T h i s ' b e h a v i o u r ' i n f a c t i s composed o f s e v e r a l 
b e h a v i o u r s name ly , n o d d i n g , w i n g v i b r a t i o n and t h e ' a o o ' c a l l wh i ch ( e x c l u d i n g 
t h e c a l l ) , have a l r e a d y been d e s c r i b e d i n t h e p r e v i o u s s e c t i o n . 
T H E A O O C A L L : Aoo c a l l s a r e g i v e n by b o t h males and females but 
p r e d o m i n a n t l y by t h e f o r m e r . I n t h e f i e l d , male 
p i g e o n s a o o - c a l l r e g u l a r l y a t t h e b e g i n n i n g o f t h e b r e e d i n g season . P igeons 
o f b o t h sexes a o o - c a l l a t t h e nes t s i t e , u s u a l l y i n c o n j u n c t i o n w i t h nodd ing 
and w i n g v i b r a t i o n ; bu t somet imes t h e b i r d s a o o - c a l l w h i l e p e r f o r m i n g w i n g 
v i b r a t i o n o n l y . T h i s c a l l i s most n o t i c e a b l e d u r i n g the e a r l y s tages o f t h e 
p r e i n c u b a t o r y phase o f t h e b r e e d i n g c y c l e ; however . I t I s a l s o g i v e n by s i n g l e 
ma le b i r d s and somet imes seems t o be d i r e c t e d towards p igeons i n n e i g h b o u r i n g 
•cages, w h e t h e r t h e s e a r e male o r f e m a l e , Male p igeons w h i c h a r e p j a c e d i n t o t a l 
s o c i a l I s o l a t i o n (s?e Chap te r 4 ) a l s o g i v e t h i s c a l l . 
A p a r t f r o m t h e a l a r m c a l l , t h e aoo c a l l i s v e r y s i m p l e i n s t r u c t u r e 
(see F i g , 2 , l 8 t o 2 ,21 ) and can be r i c h i n h a r m o n i c s . The c a l l f r e q u e n c y r i s e s 
f r o m a b o u t 200 Hz, a t t h e b e g i n n i n g o f a c a l l , peak ing a t about kSO Hz. and 
t h e n f a l l i n g o f f a g a i n t o t h e s t a r t i n g f r e q u e n c y . I t i s no t uncommon f o r 
sequences o f aoo c a l l s t o l a s t f o r o v e r a m i n u t e . The tempora l i n t e r v a l s i n 
be tween t h e c a l l s a r e more o r l e ss c o n s t a n t , a l t h o u g h t he a m p l i t u d e inc reases 
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ZO 
F i g , 2 .19 Sequence o f Aoo c a l l s , (A) P 31 . ( B ) P 17. i t i s 
I n t e r e s t i n g t o compare (A) o f t h i s f i g u r e w i t h (A) 
o f F i g , 2 . 2 0 . N o t i c e t h a t as t h e e n e r g y and d u r a t i o n 
o f t h e c a l l i n c r e a s e s , t h e energy a t t h e h i g h e r 
f r e q u e n c i e s d e c r e a s e s . 
0.95 s e e s 
i 
i 
0.95 s e c * 
TIME 
7.9 
(A) P 31 
( B ) P 30 
F i g . 2 .20 Sequence o f Aoo c a l l s . (A) P 3 1 . ( B ) P 3 0 . The two 
t o n e s v i s i b l e i n (A) a r e i iarmoni c a l l y u n r e l a t e d , 
s u g g e s t i n g t h a t p i g e o n s may be c a p a b l e o f u s i n g ' t w o 
v o l c e s 
MM--I 
n 
o:9i sees. 
TIME 
F i g , 2 . 2 1 C a l l s g i v e n by f ema le p i g e o n s , (a) P 9 . A l a r m c a l l s , 
(b ) t o (d) P 1 1 : (b) and ( c ) aoo c a l l s ; (d) Bowing 
c a l l s . N o t i c e t h e s i m i l a r i t y i n s t r u c t u r e between 
some aoo c a l l s and t h e bowing c a l l s . 
v / l t h t i n e t h r o u g h o u t a sequence o f c a l l s . The d u r a t i o n o f each c a l l a l s o 
I n c r e a s e s . 
T H E A L A R M C A L L : The a l a r m c a l l i s p r o b a b l y t h e s i m p l e s t 
v o c a l i s a t i o n p i g e o n s p r o d u c e ( F i g . 2 . 2 1 ) . I t 
i s v e r y s i m i l a r t o t h e a l a r m n o t e p r o d u c e d by r i n g doves ( M i l l e r and M i l l e r , 
1S58) bu t h a r s h e r i n t o n e , s o u n d i n g l i k e a h a r s h ' h i n n n h ' . M o r e o v e r , t h e 
p i g e o n t h a t g i v e s t h e c a l l , u s u a l l y a f e m a l e a t t h e n e s t s i t e , i s i n a 
s l i g h t l y squa t p o s t u r e w i t h f e a t h e r s r u f f l e d . P igeons g i v e t h e a l a r m c a l l 
when a s t r a n g e r o r a s t r a n g e o b j e c t ( such as t h e o b s e r v e r ' s hand) a p p r o a c h e s 
t o o c l o s e . 
N E S T - B O W ! N G : When t h i s b e h a v i o u r i s p e r f o r m e d a t t h e n e s t s i t e by 
t h e m a l e , t h e o r i e n t a t i o n o f h i s body i s q u i t e 
d i f f e r e n t f r o m t h a t a d o p t e d f o r t h e ' n o r m a l ' bow ing b e h a v i o u r . The body i s 
h e l d o b l i q u e l y , head downwards . The b i r d b o w - c a l l s and r o t a t e s a l t h o u g h 
r e m a i n i n g i n t h e same p l a c e . Somet imes t h e abdomen b r u s h e s a g a i n s t t h e 
n e s t i n g m a t e r i a l , and t h i s has t h e e f f e c t o f m o u l d i n g t h e n e s t i n t o a 
c i r c u l a r shape . 
B O D Y R E S T : D u r i n g t h e e a r l y s t a g e s o f t h e p r e - i n c u b a t o r y phase o f 
t h e b r e e d i n g c y c l e , when t h e f e m a l e a p p r o a c h e s t h e ma le 
i n response t o h i s ' n e s t d e m o n s t r a t i o n ' , she w i l l r e s t he r abdom ina l r e g i o n 
on t o t h e head and nec!< o f t h e m a l e . C o n s e q u e n t l y , t h e i n t e n s i t y o f t h e male 
c a l l i n c r e a s e s and he may a l s o push h i s head f u r t h e r u n d e r n e a t h t h e f e m a l e ' s 
body (PUSHING by t h e male a t t h e n e s t s i t e ) . 
P U S H I N G: U n l i k e F a b r i c i u s and Jansson ( I S 6 3 ) , I have r e g u l a r l y o b s e r v e d 
p u s h i n g by ma les a t t h e n e s t s i t e . When t h e f e m a l e a p p r o a c h e s 
t h e n e s t s i t e and shows body r e s t i n g , t h e male w i l l push h i m s e l f u n d e r n e a t h 
t h e f e m a l e ' s body w h i l e p e r f o r m i n g i n t e n s e w i n g v i b r a t i o n and c a l l i n g a t t h e 
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n e s t s i t e . P u s h i n g by t h e f e m a l e was seen a t a l a t e r s t a g e i n t h e p r e -
i n c u b a t i o n p h a s e , u s u a l l y when t h e ma le i s s t a n d i n g a t t h e nes t s i t e . ' N e s t 
D e m o n s t r a t i o n ' by t h e f e m a l e i s a l s o v e r y i n t e n s e a t t h i s s t a g e , and t h e 
p u s h i n g p i g e o n , w h e t h e r male o r f e m a l e , i s ' p r e e n e d ' (mu tua l p r e e n i n g ) by 
t h e o t h e r m a t e . 
N E S T M A T E R I A L C O L L E C T I O N : Because o f t h e n a t u r e o f 
t h e n e s t i n g m a t e r i a l p r o v i d e c 
(v;ood, woo l o r sh redded p a p e r ) , t h e p i g e o n s showed e l e m e n t s o f t h i s b e h a v i o u r 
v e r y c l e a r l y . The b i r d p i c k s a s i n g l e s t r a n d o f n e s t i n g m a t e r i a l i n i t s b i l l 
and g i v e s s e v e r a l head shakes i n o r d e r t o l o o s e n i t f r o m t h e b u n c h . When 
t h e s t r a n d i s l o o s e , t h e b i r d t u c k s i t u n d e r n e a t h i t s abdomen and p o s i t i o n s i t 
by i t s l e g s . The p i g e o n may do t h i s w i t h s e v e r a l s t r a n d s o f m a t e r i a l , u n t i l 
i t p i c k s up one s t r a n d o f a d e q u a t e l e n g t h ( o r s e e m i n g l y s o ) , c a r r i e s i t t o 
t h e n e s t s i t e and d e p o s i t s I t i n f r o n t o f i t s m a t e . 
N E S T B U I L D I N G : The p i g e o n s t a n d i n g a t t h e n e s t s i t e i m m e d i a t e l y 
p i c k s up t h e s t r a n d and t u c k s i t among t h e o t h e r s 
somet imes r e a r r a n g i n g o t h e r s t r a n d s i n t h e p r o c e s s . I f i t so happens t h a t t h e 
o t h e r p i g e o n i s no t a t t h e n e s t - s i t e , t h e n t h e b i r d c o l l e c t i n g t h e n e s t i n g 
m a t e r i a l w i l l a r r a n g e t h e s t r a n d i n a s i m i l a r manner t o i t s p a r t n e r . I f t h e 
f e m a l e p i g e o n i s a t t h e n e s t s i t e , t h e ma le w i l l p i c k up a s t r a n d o f m a t e r i a l 
and c a r r y I t t o t h e n e s t s i t e where t h e f e m a l e i s show ing ' n e s t d e m o n s t r a t i o n ' . 
A l t h o u g h i t i s more common f o r t h e ma le t o c o l l e c t n e s t m a t e r i a l d u r i n g t h e 
e a r l y s t a g e s o f n e s t b u i l d i n g , and f o r t h e f e m a l e t o a r r a n g e I t a t t h e . n e s t 
s i t e , t h e f e m a l e w i l l c o l l e c t m a t e r i a l i f t h e ma le i s a t t h e n e s t s i t e , 
t h e r e b y r e v e r s i n g n e s t - b u i l d i n g r o l e s . T h i s b e h a v i o u r I s v e r y s i m i l a r t o 
t h e n e s t b u i l d i n g shown by doves ( S t r e p t o p e l i a r i s o r i a ; see Lehrman, 1 9 5 8 a ) . 
2 . 6 The C o u r t s h i p e n c o u n t e r s 
The e n c o u n t e r b e g i n s by t h e ma le p i g e o n a p p r o a c h i n g , bow ing and bow-
c o o i n g i n f r o n t o f t h e f e m a l e . T h i s bow ing may change t o d r i v i n g i f t h e 
f e m a l e moves away f r o m t h e m a l e , w i t h an accompany ing change i n t h e c a l l t o 
t h e d r i v i n g c a l l . F o l l o w i n g d r i v i n g t h e ma le s t o p s and n o d s , and t h e f e m a l e 
responds by n o d d i n g . 
A n o t h e r b e h a v i o u r w h i c h b o t h p i g e o n s p e r f o r m and w h i c h f o l l o w s n o d d i n g 
i s d i s p l a c e m e n t p r e e n i n g . T h i s i s a c h a r a c t e r i s t i c b e h a v i o u r seen d u r i n g 
c o u r t s h i p e n c o u n t e r s I n p i g e o n s and i s l i s t e d by many a u t h o r s ( e g . F a b r i c i u s 
and J a n s s o n , 1963; L e v i , I S ^ l ; H e l n r o t h a n d H e l n r o t h , 19^9 ; Goodwin , 1955 , 
1 9 5 6 ) . The f e m a l e w i l l t h e n s t o p d i s p l a c e m e n t p r e e n i n g and moves away s l o w l y 
f r o m t h e m a l e , t o v /h ich t h e ma le responds by d r i v i n g t h e f e m a l e v e r y c l o s e l y 
( F i g . 2 . 2 2 : 2 & 3 ) , a t t i m e s bumping i n t o h e r . I t i s n o t as y e t v e r y c l e a r 
what e l i c i t s s q u a t t i n g I n t h e f e m a l e , b u t she w i l l s t o p mov ing s u d d e n l y , l o w e r 
h e r head and s q u a t . The male p i g e o n m o u n t s , t r e a d s and c o p u l a t e s , t h e l a t t e r 
a c t i o n u n b a l a n c i n g t h e m.ale, w h i c h d i s m o u n t s (see F i g . 2 . 2 2 ) . The f e m a l e 
s t a n d s up and o f t e n p e r f o r m s a f o r m o f d r i v i n g b e h a v i o u r , w h i c h I s d i s s i m i l a r 
t o t h e d r i v i n g b e h a v i o u r p e r f o r m e d by t h e m a l e . 
Bowing b e h a v i o u r i s f r e q u e n t l y seen d u r i n g f i r s t e n c o u n t e r s be tween male 
and f e m a l e p i g e o n s and a l s o d u r i n g t h e e a r l y s t a g e s o f t h e p r e - I n c u b a t o r y 
phase o f t h e b r e e d i n g c y c l e ( F a b r i c i u s and J a n s s o n , I 963 ) p o s s i b l y s u g g e s t i n g 
t h a t t h e c o u r t s h i p b e h a v i o u r i n p i g e o n s , as I ndeed i n many o t h e r b i r d s p e c i e s . 
I s an ou tcome o f a c o n f l i c t be tween s e x u a l m o t i v a t i o n and a g o n i s t i c t e n d e n c i e s 
( e g . see T i n b e r g e n , 1952 , 1 9 5 ^ ) . 
2 , 7 The A g o n i s t i c e n c o u n t e r s 
The f o l l o w i n g b e h a v i o u r s can be seen d u r i n g a g o n i s t i c e n c o u n t e r s : 
A g g r e s s i v e p e c k i n g , a g g r e s s i v e b i l l i n g , body p u s h i n g , w i n g f l i c k i n g , a g g r e s s i v e 
i n t e n t i o n p e c k , b o w i n g , b o w - c o o I n g and somet imes n o d d i n g , w i n g v i b r a t i o n and 
t h e aoo c a l l . F l e e i n g and c h a s i n g a r e n o t o f t e n seen i n t h e c o n f i n e d spaces 
o f t h e o b s e r v a t i o n c a g e , however t h e y can be seen d u r i n g a g o n i s t i c , e n c o u n t e r s 
I n t h e f r e e - r a n g i n g p i g e o n . 

When a s t r a n g e male a p p r o a c h e s a n o t h e r ma le p i g e o n , b o t h b i r d s p e r f o r m 
bov ; i ng , i n t h i s s i t u a t i o n t h i s b e h a v i o u r i s p r o b a b l y t h e outcome between 
a t t a c k and escape t e n d e n c i e s , i f n e i t h e r o f t h e b i r d s moves away , one o f 
t h e p i g e o n s w i n g f l i c k s t h e o t h e r and a p p r o a c h e s c l o s e r . However , I c o n s i d e r 
w i n g f l i c k i n g t o be a t h r e a t b e h a v i o u r (see T i n b e r g e n , 1 9 5 9 ) , s i n c e a l t h o u g h 
i t i s an a g g r e s s i v e b e h a v i o u r , t h e r e i s no c l o s e b o d i l y c o n t a c t between t h e 
two b i r d s ; and a t t i m e s i t may a l s o s e r v e as a d e t e r r e n t t o t h e s t r a n g e b i r d 
t o a p p r o a c h any c l o s e r . T h i s b e h a v i o u r l e a d s t o a g g r e s s i v e b i l l i n g and body 
p u s h i n g w h i c h l a s t f o r s e v e r a l s e c o n d s . When one o f t h e b i r d s moves away o r 
f l e e s , t h e o t h e r , dom inan t b i r d chases and o f t e n a g g r e s s i v e l y pecks t h e f l e e i n g 
m a l e . A f t e r a few seconds t h e dominan t p i g e o n g i v e s up t h e c h a s e . A g g r e s s i v e 
i n t e n t i o n peck and n o d d i n g a r e u s u a l l y p e r f o r m e d by b o t h d o m i n a n t and 
s u b o r d i n a t e m a l e s , i f t h e s e e n c o u n t e r a g a i n s h o r t l y a f t e r a f i g h t . Nodd ing 
may be an appeasement b e h a v i o u r p e r f o r m e d I n o r d e r t o s u p p r e s s a g g r e s s i o n . 
A l t h o u g h w i n g v i b r a t i o n i s seen d u r i n g e n c o u n t e r s between male p i g e o n s i n 
t h e l a b o r a t o r y s i t u a t i o n a f t e r p r o l o n g e d e n c o u n t e r s , I have neve r o b s e r v e d 
t h i s b e h a v i o u r be tween f r e e - r a n g i n g ma le p i g e o n s , 
2 . 8 Some comments on t h e f u n c t i o n and c a u s a t i o n o f some o f t h e b e h a v i o u r 
o a L t e r n s 
! n c o n t r a s t t o o t h e r more " s t r a i g h t f o r w a r d " b e h a v i o u r p a t t e r n s such as 
f e e d i n g , escape b e h a v i o u r and c o p u l a t i o n , t h e f u n c t i o n and c a u s a t i o n o f t h e 
f o l l o w i n g b e h a v i o u r p a t t e r n s i s d i f f i c u l t t o u n d e r s t a n d : B o w i n g , D r i v i n g , 
N o d d i n g , V/ ing v i b r a t i o n , D i s p l a c e m e n t p r e e n i n g , H e a d - r u b b i n g , F o o t - s t o m p i n g , 
and m.utual p r e e n i n g . I n t h e f o l l o w i n g s e c t i o n I p r o p o s e t o d i s c u s s some o f 
t h e g e n e r a l f e a t u r e s o f t h e s e b e h a v i o u r s and d i s p l a y s w h i c h , t o my m i n d , have 
been m i s i n t e r p r e t e d . The b e h a v i o u r s and d i s p l a y s l i s t e d a r e used I n a g o n i s t i c 
as w e l l as c o u r t s h i p o r p a i r f o r m a t i o n " c e r e m o n i e s " , v ; i t h t he p o s s i b l e 
e x c e p t i o n o f mu tua l p r e e n i n g . 
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Bowlnq and D r i v i no 
Beach ( 1 9 5 1 ) , and F a b r i c i u s and Jansson (1962) c a l l t h e d r i v i n g b e h a v i o u r 
shov/n by a ma le p i g e o n b e f o r e m o u n t i n g , s t r u t t i n g ; l i k e w i s e , t h e r e e x i s t s 
some c o n f u s i o n as t o w h i c h b e h a v i o u r s h o u l d be t e rmed as " b o w i n g " . I have 
t r i e d t o d e s c r i b e t h i s b e h a v i o u r and d r i v i n g b e h a v i o u r v i s u a l l y , I n t h e 
e t h o g r a p h ( F i g . 2 , 3 ) . The c o n f u s i o n may have a r i s e n i n t h e f i r s t p l a c e 
because s e v e r a l a u t h o r s have wa tched t h e s e b e h a v i o u r s ( r a t h e r t h e y g i v e t h e 
I m p r e s s i o n t h a t t h e y have) i n o n l y one c o n t e x t - t h a t o f c o u r t s h i p . I a g r e e 
w i t h Goodwin (1955) when he s u g g e s t s t h a t t h e p o s t u r e a d o p t e d by t h e d r i v i n g 
ma le i s s i m i l a r t o I t s b e h a v i o u r p r i o r t o c o p u l a t i o n . I n t h e i r d i s c u s s i o n , 
h o w e v e r , F a b r i c i u s and Jansson do m e n t i o n t h a t " d r i v i n g i s even more s i m i l a r 
t o t h e b e h a v i o u r o f a d o m i n a n t ma le c h a s i n g a s u b m i s s i v e ma le i n t r u d e r i n t h e 
t e r r i t o r y , and f u r t h e r , a c t u a l a t t a c k s o c c u r d u r i n g d r i v i n g show ing t h a t t h e 
a g g r e s s i v e I n s t i n c t I s a c t i v a t e d " . C o n s e q u e n t l y , I b e l i e v e i t t o be 
u n n e c e s s a r y t o c a l l a b e h a v i o u r , w h i c h a p p e a r s i n d i f f e r e n t c o n t e x t s , by 
d i f f e r e n t names. 
Bowing i s n o r m a l l y seen d u r i n g f i r s t e n c o u n t e r s between b i r d s , w h e t h e r 
t h e s e a r e b o t h ma le o r ma le and f e m a l e . T h i s b e h a v i o u r i s a l s o seen somet imes 
a t t h e nes t s i t e a n d , as s u g g e s t e d e a r l i e r , one o f I t s f u n c t i o n s may be t o 
mould t h e n e s t I n t o a s u i t a b l e shape . I n m a l e - f e m a l e p a i r s , bow ing o c c u r s 
d u r i n g t h e e a r l y s t a g e o f t h e p r e - i n c u b a t o r y phase o f t h e b r e e d i n g c y c l e ; bu t 
I t s o c c u r r e n c e d e c r e a s e s d u r i n g t h e l a t e r s t a g e s . D u r i n g m a l e - m a l e e n c o u n t e r s , 
hov ;ever , t h e o c c u r r e n c e o f bow ing a l t e r n a t e s w i t h a g g r e s s i v e b e h a v i o u r . 
I n t h i s c o n t e x t , bow ing by a dom inan t ma le may have an i n t i m i d a t i n g e f f e c t 
on t h e s u b o r d i n a t e b i r d o r on o t h e r i n t r u d i n g p i g e o n s o r n e a r - i n t r u d e r s . So 
t h e t e n d e n c y h e r e i s one o f a g g r e s s i o n . However , on u n f a m i l i a r g r o u n d , a 
p i g e o n p e r f o r m i n g bow ing b e h a v i o u r may p romo te an a t t a c k by t h e o p p o s i n g 
p i g e o n . I n t h i s case t h e t e n d e n c y i s one o f w i t h d r a w a l o r e s c a p e . Bo th 
t e n d e n c i e s a r e evoked by t h e o p p o n e n t ' s a g o n i s t i c b e h a v i o u r . I t m^y be 
s u g g e s t e d , t h e r e f o r e , t h a t bow ing b e h a v i o u r i s a c o n f l i c t b e h a v i o u r snow ing 
b o t h a t e n d e n c y t o a t t a c k and escape I n t h e p i g e o n p e r f o r m i n g t h e b e h a v i o u r , 
Acs (1970a) has shov/n t h a t t h e v o i c e o f immatu re and hypophysec tom i sed 
p i g e o n s i s ' b r o k e n ' by t e s t o s t e r o n e i n j e c t i o n s : t h e c a l l s o f a 9 month 
h y p o p h y s e c t o m i s e d p i g e o n had a mean f r e q u e n c y o f 2532 - 19 Hz; bu t a f t e r 
i n j e c t i o n w i t h 17 .5 mg o f t e s t o s t e r o n e , t h e mean c a l l f r e q u e n c y was reduced 
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t o 208 - 3 Hz. From my own c a s u a l o b s e r v a t i o n s on t h e deve lopmen t o f t h e 
bov.'i ng b e h a v i o u r i n p i g e o n s , i t seems t o me t h a t t h e v o i c e b r e a k s b e f o r e 
t h e f u 1 l y d e v e l o p e d bow ing d i s p l a y i s s e e n . However , t h e c a l l s a r e o f l owe r 
a m p l i t u d e t h a n t h e ones accompan ied by t h e f u l l bow ing d i s p l a y . 
From t h e s e o b s e r v a t i o n s I t e n t a t i v e l y sugges t t h a t (1) t h e deve lopmen t 
o f bow ing b e h a v i o u r i s t e s t o s t e r o n e - d e p e n d e n t (Abs does no t d e s c r i b e w h e t h e r 
t h e h y p o p h y s e c t o m i s c d p i g e o n s d e v e l o p e d o r l a c k e d bow ing b e h a v i o u r ) and (2) 
t h e bovving b e h a v i o u r ( i e , t h e movements o f t h e d i s p l a y components ) i s 
r e s p o n s i b l e f o r t h e a m p l i f i c a t i o n o f a bow ing c a l l . 
Bowing b e h a v i o u r I s p r o b a b l y more c l o s e l y a s s o c i a t e d w i t h t e r r i t o r i a l i t y 
and a g o n i s m t h a n w i t h c o u r t s h i p a l t h o u g h F a b r i c i u s and Jansson (19^3) sugges t 
t h a t " b o t h t h e a g g r e s s i v e and sexua l I n s t i n c t a r e a c t i v a t e d I n t h e male when 
he bows i n f r o n t o f t h e f e m a l e " . I have shown t h a t bow ing can be c l e a r l y 
d i f f e r e n t i a t e d i n t o two b e h a v i o u r s - bow ing and d r i v i n g . I t I s t h i s l a t t e r 
b e h a v i o u r w h i c h I c l o s e l y a s s o c i a t e w i t h c o u r t s h i p , and wou ld c e r t a i n l y 
e x p l a i n why F a b r i c i u s and Jansson s u g g e s t t h e f u n c t i o n a l a m b i v a l e n c e o f t h e 
b e h a v i o u r t h e y t e r m as b o w i n g . 
Whi tman ( 1 9 1 9 ) , H e l n r o t h and H e l n r o t h (19^9) and Lev i (19^1) a l l sugges t 
t h a t t h e f u n c t i o n o f d r i v i n g i s t o impress ' t h e w h e r e a b o u t s o f t h e n e s t on 
t h e f e m a l e ; and Whi tman goes on t o say t h a t t h e d r i v i n g male " i s i m p e l l e d by 
f e e l i n g s o f j e a l o u s y o r p o s s e s s ! v e n e s s t o w a r d s t h e f e m a l e " . T h i s has been 
d e n i e d by Goodwin ( 1 9 5 5 , 1956) and F a b r i c i u s and Jansson (1963) and by my 
own o b s e r v a t i o n s , s i n c e d r i v i n g can o c c u r d u r i n g t h e f i r s t e n c o u n t e r s between 
b i r d s ( a l s o between male b i r d s ) , b e f o r e any n e s t s i t e has been c h o s e n . U n l i k e 
Goodwin and F a b r i c i u s and J a n s s o n , I have o b s e r v e d d r i v i n g between male b i r d s 
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and m a l e - f e m a l e p a i r s w h i c h were c o m p l e t e l y i s o l a t e d f r o m t h e r e s t o f t h e 
c o l o n y and f r o m human o b s e r v e r s ( c l o s e d - c i r c u i t T . V . was used f o r o b s e r v a t i o n ) , 
s i n c e Goocv.'in (1956) s t a t e s t h a t " a ma le p i g e o n t h a t i s r e a c t i n g s o c i a l l y t o 
man v;i 11 o f t e n b e g i n t o d r i v e h i s mate when a human b e i n g app roaches them 
c l o s e l y " . 
Andrew (1961) s u g g e s t s t h a t movements accompany ing t e s t o s t e r o n e 
dependen t c a l l s i n c o u r t s h i p d i s p l a y s , f o r example b i 1 1 - l o w e r i n g i n g u l l s , 
a r e p r o b a b l y components o f n e s t - b u i l d i n g i n o r i g i n . Head - o r b i 1 1 - l o w e r i n g 
i s a d i s p l a y component o f d r i v i n g b e h a v i o u r , and t h e a c t i o n i s s i m i l a r t o 
b o t h n o d d i n g and t u c k i n g o f n e s t i n g m a t e r i a l u n d e r t h e abdomen, i n p i g e o n s . 
The f u n c t i o n a l s i g n i f i c a n c e o f d r i v i n g , howeve r , r ema ins u n c l e a r . I n 
c o n j u n c t i o n w i t h t h e d r i v i n g c a l l , d r i v i n g may i n i t i a l l y s e r v e i n t h e 
f o r m a t i o n o f p a i r - b o n d s be tween p i g e o n s ; I t may a l s o h e l p t o m a i n t a i n t h e 
bonds once t h e s e a r e f o r m e d . A p a r t f r o m t h i s , d r i v i n g may be r e s p o n s i b l e 
i n some i n s t a n c e s , f o r e l i c i t i n g s q u a t t i n g in . t h e f e m a l e . On t h e o t h e r h a n d , 
d r i v i n g away f r o m t h e n e s t may be p u r e l y e x t r o v e r t b e h a v i o u r . I n t h e f o r m 
o f an I n t i m i d a t i n g d i s p l a y t o w a r d s o t h e r p i g e o n s , o r as an i n d i c a t i o n t o 
o t h e r p i g e o n s o f t h e e x i s t e n c e o f a bond between t h e d i s p l a y i n g b i r d and i t s 
m a t e . 
Somet imes a f e m a l e p i g e o n w i l l show a f o r m o f d r i v i n g , a f t e r c o p u l a t i o n . 
I t i s p o s s i b l e t h a t t h i s I s some f o r m o f escape b e h a v i o u r i n a c o n f i n e d 
s p a c e , s i n c e f r e e r a n g i n g f e m a l e p i g e o n s . f l y away f r o m t h e male a f t e r 
c o p u l a t l o n . 
Nodd ing and Wing V i b r a t i o n 
F a b r i c i u s and Jansson l i s t t h e s e two b e h a v i o u r s as o n e , te rmed as ' n e s t 
d e m o n s t r a t i o n ' . However , because t h e s e b e h a v i o u r s a r e seen I n s e v e r a l 
c o n t e x t s , I b e l i e v e t h a t t h i s t e r m I s I n c o r r e c t . I s h a l l d i s c u s s t h e 
two b e h a v i o u r s I n d e p e n d e n t l y o f one a n o t h e r , bu t examine t h e i r f u n c t i o n when 
t h e two o c c u r c o n c u r r e n t l y . 
Goodwin (1956) has o b s e r v e d n o d d i n g I n t h e f o l l o w i n g c i r c u m s t a n c e s : 
" ( 1 ) by b o t h members o f a p a i r when a t t h e n e s t - s i t e o r when coming t o g e t h e r 
a f t e r a s h o r t p a r t i n g , (2) by a f e m a l e , i n response t o s e x u a l , s e l f - a s s e r t i v e 
o r a g g r e s s i v e b e h a v i o u r f r o m a ma le w i t h whom she I s eage r t o p a i r , (3) by 
a b i r d a l o n e ( n o r m a l l y w i t h I t s mate n e a r b y ) on t h e n e s t - s i t e , {k) by a 
b i r d t h r e a t e n i n g ( u s u a l l y d e f e n s i v e l y ) a n o t h e r . " 
My o b s e r v a t i o n s s u p p o r t t h i s ; howeve r , I w o u l d l i k e t o make t h e 
f o l l o w i n g comments: w i t h r e g a r d s t o p o i n t ( 2 ) , t h e ma le w i l l nod i n response 
t o a f e m a l e bow ing (one o f t h e few i n s t a n c e s i n w h i c h bow ing by a f e m a l e 
t a k e s p l a c e ) i n an a d j a c e n t c a g e ; o r c o u l d a l s o b e g i n n o d d i n g , i n response t o 
w h i c h t h e f e m a l e w o u l d e i t h e r bow o r n o d . I have a l s o o b s e r v e d n o d d i n g 
betv;een two males i n s e p a r a t e c a g e s . I t wou ld seem t h a t n o d d i n g , i n t h i s 
i n s t a n c e , need n o t n e c e s s a r i l y a c t as a t h r e a t ( p o i n t ( ^ ) ) n o r as a d e f e n s i v e 
b e h a v i o u r , s i n c e t h e r e i s no dange r o f e i t h e r b i r d a p p r o a c h i n g o r a t t a c k i n g 
t h e o t h e r . M o r e o v e r , Goodwin c o n f u s e s t h e c o n t e x t by s u g g e s t i n g t h a t a b i r d 
t h r e a t e n s d e f e n s i v e l y . S u r e l y t h i s depends on t h e r e l a t i v e ' s t a t u s ' o f one 
b i r d i n r e l a t i o n t o t h e o t h e r ; I n o t h e r w o r d s , a d o m i n a n t b i r d w i l l t h r e a t e n 
a n o t h e r s u b o r d i n a t e b i r d . But t h e l a t t e r o n l y shows b e h a v i o u r w h i c h t e n d s 
t o reduce o r s u p p r e s s t h e a g g r e s s i o n o f t h e dominan t b i r d ( i t i s d o u b t f u l 
w h e t h e r such b e h a v i o u r s h o u l d be c a l l e d d e f e n s i v e b e h a v i o u r ) . T h e r e f o r e noddIn< 
may have t h e f u n c t i o n o f I n d i c a t i n g t o o t h e r p i g e o n s p o s s e s s i o n o f an a r e a . 
Wing v i b r a t i o n I s "seen i n t h e f o l l o w i n g s i t u a t i o n s : 
(1) By a ma le p i g e o n a t t h e n e s t s i t e d u r i n g t h e e a r l y s t a g e s o f t h e p r e -
i n c u b a t o r y phase o f t h e b r e e d i n g c y c l e , o r by t h e f e m a l e l a t e r on i n t h e 
c y c l e , (2 ) by a ma le i n response t o sexua l b e h a v i o u r ( e g , n o d d i n g ) f r o m a 
f e m a l e , (3 ) by a ma le a l o n e , u s u a l l y t o o t h e r b i r d s ( no t n e c e s s a r i l y f e m a l e ) 
i n a d j a c e n t c a g e s , p o s s i b l y i n response t o bow ing o r d r i v i n g by o t h e r m a l e s , 
(k) d u r i n g an e n c o u n t e r between two male b i r d s . 
! n d i s c u s s i n g t h e a p p a r e n t f u n c t i o n s o f w i n g v i b r a t i o n , one must l o o k 
a t t h i s b e h a v i o u r i n c o n j u n c t i o n w i t h n o d d i n g , s i n c e w i n g v i b r a t i o n i s 
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alv.'ays seen t o g e t h e r w i t h n o d d i n g ( b u t no t v i c e - v e r s a ) . Sometimes t h e p i g e o n 
aoo c a l l s d u r i n g w i n g v i b r a t i o n . 
A t t h e b e g i n n i n g o f t h e r e p r o d u c t i v e c y c l e , v;hen t h e two b e h a v i o u r s a r e 
shov/n by t h e m a l e , t h e i r ma in f u n c t i o n seems t o be t o a t t r a c t t h e . fema le t o 
t h e p r o s p e c t i v e n e s t . - s i t e , and t o I n d i c a t e t o t h e f e m a l e t h a t t h e s i t e i s 
i n f a c t ov.'ned by t h e m a l e . L a t e r on I n t h e c y c l e , when t h e b e h a v i o u r s a r e 
m a i n l y shown by t h e f e m a l e , t h e y may s e r v e t o s u p p r e s s t h e a g g r e s s i v e n e s s 
i n t h e male and t o s t r e n g t h e n t h e bond be tween t h e p i g e o n s . M o r e o v e r , i t 
may i n d i c a t e t o t h e male t h a t t h e f e m a l e i n t e n d s t o n e s t a t t h e s i t e chosen 
by t h e m a l e . D u r i n g a g o n i s t i c e n c o u n t e r s , t h e s u b o r d i n a t e ma le may shown 
w i n g v i b r a t i o n and n o d d i n g i n o r d e r t o s u p p r e s s t h e a g g r e s s i v e n e s s i n t h e 
dom inan t b i r d , and t o m a i n t a i n a low l e v e l o f a g g r e s s i o n . I n t h i s s i t u a t i o n 
t h e s e b e h a v i o u r s may be c o n s i d e r e d as appeasement b e h a v i o u r s . S i n c e t h e r e 
I s no way o f sex r e c o g n i t i o n be tween p i g e o n s e x c e p t by t h e p e r f o r m a n c e o f 
c e r t a i n b e h a v i o u r s , a s i n g l e male p i g e o n may show t h e s e two b e h a v i o u r s 
t o w a r d s males I n a d j a c e n t c a g e s , p r o b a b l y t o d e t e r m i n e w h e t h e r t h e b i r d s 
a r e ma le o r f e m a l e by o b s e r v i n g t h e r e s u l t i n g b e h a v i o u r s i n t h e o t h e r b i r d s . 
S i n c e n o d d i n g i s v e r y s i m i l a r t o t h e a b d o m i n a l t u c k i n g o f n e s t i n g 
m a t e r i a l . I t I s p o s s i b l e t h a t t h i s b e h a v i o u r has been d e r i v e d f r o m n e s t i n g 
b e h a v i o u r . T h i s p o s s i b i l i t y has been s u g g e s t e d by Goodwin ( 1 9 5 6 ) , who a l s o 
s t a t e s t h a t t h e n o d d i n g movement i n t h e b a r - s h o u l d e r e d dove ( G e o p e l i a 
l u m e r a l i s ) c u l m i n a t e s i n t o t h e t y p i c a l movement o f a b i r d a r r a n g i n g a t w i g 
I n t h e n e s t . 
Hence t h e s e two b e h a v i o u r s may p r i m a r i l y f u n c t i o n as c o u r t s h i p b e h a v i o u r s . 
However , t h e y c e r t a i n l y have o t h e r f u n c t i o n s d e p e n d i n g on what t h e s i t u a t i o n 
o r t h e c i r c u m s t a n c e c a l l s f o r . As we s h a l l see i n C h a p t e r 3 , n o d d i n g and 
w i n g v i b r a t i o n a l s o o c c u r I n a g o n i s t i c c o n t e x t s . 
D i s p l a c e m e n t P r e e n i n g 
T h i s b e h a v i o u r seems t o be common t o most dove and p i g e o n s p e c i e s . 
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Goodwin ( I 9 5 & ) s u g g e s t s t h a t t h e male p i g e o n d i s p l a c e m e n t p reens b e c a u s e , 
a l t h o u g h s e x u a l l y a r o u s e d , " h e i s u n a b l e t o c o p u l a t e o r t o commence t h e 
p r e - c o p u l a t o r y b i l l i n g e i t h e r because t h e f e m a l e i s no t y e t g i v i n g t h e 
a p p r o p r i a t e responses o r because o f h i s own I n c a p a c i t y . " C o n t r a r y t o 
Goodv;i n (1956) and i n a c c o r d a n c e w i t h F a b r i c i u s and Jahsson ( I 9 6 3 ) , I have 
o b s e r v e d d i s p l a c e m e n t p r e e n i n g p r o b a b l y as f r e q u e n t l y i n f e m a l e p i g e o n s . 
T h e r e f o r e a f e m a l e may a l s o show d i s p l a c e m e n t p r e e n i n g e i t h e r because 
t h e ma le r e f u s e s t o show t h e a p p r o p r i a t e p r e - c o p u l a t o r y b e h a v i o u r , o r once 
t h i s has been p e r f o r m e d , t h e ma le does no t mount t h e f e m a l e . I n b o t h 
i n s t a n c e s , t h e r e may be a t h w a r t i n g o f e x p e c t a t i o n s w h i c h I s shown by t h e 
p e r f o r m a n c e o f an ' i r r e l e v a n t a c t i v i t y ' . I have a l s o o b s e r v e d d i s p l a c e m e n t 
p r e e n i n g down t h e s i d e o f t h e b r e a s t f r e q u e n t l y i n ma les ( c f , Goodw in , 1 9 5 6 ) . 
Head Rubb ing 
T h i s b e h a v i o u r was seen i n b o t h c o u r t s h i p and m a i n t e n a n c e s i t u a t i o n s , 
and may be shov.'n by p i g e o n s i n response t o s t i m u l i w h i c h a r e e i t h e r p h y s i c a l l y 
o r p s y c h o l o g i c a l l y d i s p l e a s i n g o r b o t h . 
I t s f u n c t i o n i s p r o b a b l y t o remove p a r t i c l e s o r f o r e i g n m a t t e r w h i c h 
have become l odged a round t h e e y e , s i n c e head s c r a t c h i n g m i g h t p r o v e p a i n f u l " 
and p o s s i b l y dange rous t o t h e b i r d . P s y c h o l o g i c a l l y d i s p l e a s i n g o r i r r i t a t i n g 
s t i m u l i a r e t h o s e s t i m u l i v ;h i ch c o n f u s e t h e b i r d v i s u a l l y ; f o r e x a m p l e , a 
ma le p i g e o n p e r f o r m e d h e a d - r u b b i n g a f t e r c o u r t i n g h i s mate and a t t e m p t i n g t o 
g e t t h r o u g h a g l a s s p a r t i t i o n . B r i g h t l i g h t s c a u s i n g s h a l l o w r e f l e c t i o n s a l s o 
seem t o e l i c i t h e a d - r u b b i n g ; bu t t h e b r i g h t n e s s o f t h e l i g h t s t h e m s e l v e s may 
have caused o p t i c i r r i t a t i o n . However , t h e f u n c t i o n o f h e a d - r u b b i n g i n t h i s 
s i t u a t i o n remains u n c l e a r , 
F o o t - s t o m p i no 
T h i s b e h a v i o u r i s seen i n b o t h m a i n t e n a n c e and a g o n i s t i c c o n t e x t s . The 
b e h a v i o u r i t s e l f may be p e r f o r m e d i r r e s p e c t i v e o f t h e s i t u a t i o n and o n l y 
v;hen t h e p i g e o n I s s t a n d i n g on a s o l i d s u b s t r a t e ( no t on w i r e m e s h ) . R a r e l y 
i t i s shovv'n by a p i g e o n f l e e i n g f r o m an o p p o n e n t . 
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F o o t - s t o m p i n g i n p i g e o n s i s p r o b a b l y e l i c i t e d by m e c h a n i c a l i r r i t a t i o n 
o f t h e f e e t , caused by f o r e i g n m a t t e r ( such as f e c e s ) l o d g i n g I t s e l f i n 
betv/een t h e t o e s and p r o b a b l y a l s o s t i c k i n g t o t h e u n d e r s i d e o f t h e f e e t ; 
b u t s i n c e t h i s b e h a v i o u r was a l s o p e r f o r m e d on c l e a n s u b s t r a t e s , i t s f u n c t i o n 
i n c e r t a i n i n s t a n c e s , s t i l l rema ins u n c l e a r . 
Mu tua l P r e e n i n g 
T h i s b e h a v i o u r I s g e n e r a l l y p e r f o r m e d by t h e f e m a l e w h i l e t h e ma le i s 
show ing i n t e n s e ' n e s t d e m o n s t r a t i o n ' a t t h e n e s t - s i t e , d u r i n g t h e e a r l y 
s t a g e s o f t h e p r e - i n c u b a t o r y p h a s e . 
U n l i k e Goodwin (1956) I have o n l y o b s e r v e d mu tua l p r e e n i n g ( o r c a r e s s i n g , 
as he c a l l s i t ) o f t h e b a c k , head and neck r e g i o n s . U s u a l l y t h e p r e e n i n g 
b i r d c o n c e n t r a t e s on t h e head and n e c k , t h e s e b e i n g a r e a s w h i c h t h e b i r d 
b e i n g p r e e n e d canno t r each w i t h i t s own b i l l . So t h a t t h e p h y s i c a l f u n c t i o n 
o f m u t u a l p r e e n i n g i s t h e removal o f f o r e l - g n m a t e r i a l o r e c t o p a r a s i t e s f r o m 
t h e m a t e ' s head and n e c k . 
Hov/ever, on o t h e r o c c a s i o n s t h e f e m a l e passes h e r b i l l o v e r t h e m a l e ' s 
f e a t h e r s v e r y r a p i d l y , a l t h o u g h t h e r e i s p h y s i c a l c o n t a c t between b i l l and 
f e a t h e r s . In t h i s c a s e , mu tua l p r e e n i n g may s e r v e t o (a) s t i m u l a t e s e x u a l 
b e h a v i o u r , (b) as appeasement b e h a v i o u r , i n h i b i t i n g a g g r e s s i v e b e h a v i o u r , 
( c ) s t i m u l a t e t h e ma le and (d) s t r e n g t h e n t h e bond between t h e two b i r d s . 
These p r o b a b l e f u n c t i o n s o f mu tua l p r e e n i n g a l s o a p p l y i f t h e male p e r f o r m s 
t h i s b e h a v i o u r . 
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CHAPTER 3 
EXPERIMENT 1: REGULATION OF AGGRESSION BETWEEN 
MALE PIGEONS 
3.1 Introductton 
One of the ma!n problems in the study of animal behaviour I s the regulation 
of I n t r a - s p e c l f i c aggression. The general consensus of opinion on the subject 
of aggression i s that f ight ing can have the following funct ions: (1) defence 
against predators; and (2) t e r r i t o r i a l maintenance or ga in . 
An animal w i l l engage In " r i t u a l i s e d " aggressive behaviour, the function 
of which would be to achieve dominance over an antagonist , thereby Increasing 
the s i z e of the t e r r i t o r y , gain access to addit ional food, sexual partners e t c . 
E l b l - E i b e s f e l d t (1961) suggests that these "ceremonial struggles" may serve as 
a measure of strength In bodily contact between the two contestants , without 
harming each other s e r i o u s l y . At the end of these r i t u a l i s e d aggressive 
encounters, the winner may often continue d isp lay ing ; and Indeed, In some 
species of animals, .stereotyped d isp lays are necessary for one animal to 
maintain dominance over a conspec l f i c (Simpson, 1973). 
We ought to consider aggressive behaviour, therefore , In terms of what 
J . P. Scott (1970) c a l l s agon is t i c behaviour. He def ines th is type of behaviour 
as "a system of related behaviour patterns having the common function of 
adaptation to s i tua t ions of c o n f l i c t between members of the same s p e c i e s " . 
These behaviour patterns could be c l a s s i f i e d loosely Into defensive threat , 
defensive a t tack , overt at tack and non-contact d isp lay behaviours. But ac t ive 
defence ( I . e . f ight ing) Is not a necessary condition for the maintenance of 
some degree of exc lus ive occupation of an a r e a , which Is the most Important 
ecologica l consequence of t e r r i t o r i a l i t y . 
Mutual avoidance between I n d i v i d u a l s , achieved by cer ta in non-contact 
stereotyped d i s p l a y s , can resu l t In a s i m i l a r type of spa t ia l d i s t r i b u t i o n . 
Moreover habituation of ohe individual to another may be one more mechanism 
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Involved in the maintenance of lowered leve ls of aggression during constant 
exposure to a conspec l f i c neighbour (Peeke and Veno, 1973). 
Individual c h a r a c t e r i s t i c s are Immensely Important In e l i c i t i n g or 
Inh ib i t ing aggression. In animal s o c i e t i e s composed of Indiv iduals which 
recognise one another, a stranger e l i c i t s aggression more readi ly than a 
fami l i a r Individual (Marler and Hamilton, 1966). Consequently I t can be 
argued tha t , as for soc ia l f i g h t i n g , Indiv iduals must be able to recognise 
each other as Indiv iduals I f habituation of one Individual to another Is to 
take p lace . 
Several recent papers have c l e a r l y demonstrated that responses of aggressive 
t e r r i t o r i a l f i s h habituate on repeated exposure to c o n s p e c l f I c s , whether these 
conspec l f l cs are confined to g lass tubes (Peeke, 1969; Peeke and Peeke, 1970), 
free-swimming, adjacent ly t e r r i t o r i a l neighbours (van den Assem and van der 
Molen, 1969; Peeke, Herz and Gal lagher, 1971; Gal lagher , Herz and Peeke, 1972), 
or conspec l f l cs represented by crude models (Peeke, 1969; Peeke, Wyers and 
Herz, 1969). Other papers demonstrating habituation to l i v e conspec l f l cs and 
to mirror Images are the ones by Baennlnger (1966, I968, 1970), Brown and 
Noakes (197^), Clayton and Hinde ( I968) , F I g l e r (1972), Simpson (I968) and 
Thompson (1963, 1969). On the other hand, Helllgenberg has shown that the 
c l c h l l d f i s h Haplochromis burtoni becomes more and more aggressive on repeated 
presentation of a l i f e - l i k e dummy (Hei1igenberg and Kramer, 1972). 
Peeke and Veno (1973) have shown that t e r r i t o r i a l f i s h (Gasterosteus 
aculeatus) can d iscr iminate Individual morphological as well as posi t ional cues. 
Although Individual recognition of t e r r i t o r i a l neighbours, resu l t ing In an 
Increase in the response thresholds to the neighbour's song, has been c l e a r l y 
shown In birds (for example, see F a l l s , 1969), there have been no studies 
reported, as y e t , on the modulation of agon is t ic behaviour and the maintenance 
of lowered leve ls of aggression between neighbouring, conspec l f i c b i r d s . 
The present experiment Is a prel iminary Invest igat ion Into whether or not 
male pigeons are capable of maintaining lowered l e v e l s of aggression between 
t e r r i t o r i a l neighbours. Secondly, to look at tlie possib le causal and functional 
re lat ionsl i tps between the agon is t ic behaviours; and t h i r d l y , to Invest igate 
whether or not male pigeons show diurnal rhythmlcity in agonis t ic behaviour. 
Hinde (1970 , pp. 333-336) has discussed the d i f f i c u l t i e s Involved In 
def ining and c l a s s i f y i n g aggressive behaviour. In the following chapters , 
f ight ing behaviour, during which actual bodily contact between indiv iduals 
takes p l a c e , w i l l be referred to as aggressive behaviour; whereas agon is t i c 
behaviour Includes aggressive behaviour, avoidance behaviour such as escape 
and f l e e i n g , as well as non-contact stereotyped d i s p l a y s . 
3.2 Mater ia ls and Methods 
The pigeons used in t h i s experiment were Ind iv iduals ranging from 350 grams 
to 580 grams body weight which were obtained from a d e a l e r , and were housed In 
the animal wing for four months before they were used for experimentation. 
The experiments were conducted In two ad jo in ing , galvanised metal cages, 
each measuring kO x 40 x ^5 cm. , which were separated from each other by a 
wire mesh p a r t i t i o n . The room temperature was kept at +21^C, and the l l lumlnat ior 
was by f luorescent l ight ing set on a da i l y l ight schedule from O8.OO hours to 
20.00 hours. Food and water were given ad l ib i tum. The experimental set-up 
i s shown in F i g . 3 . 1 . Each encounter was monitored with an EMI T.V. camera 
in an adjoining room, to avoid d isturbing the s u b j e c t s . 
Only the behaviour of the dominant bird was recorded, for the following 
reasons: in a small p i lo t study, pr ior to th is experiment, an attempt was made 
to record the behaviour of both b i r d s , using video recording equipment. 
However, I t was found that the equipment was l i a b l e to technical f a i l u r e during 
the experiment. So th is method proved u n r e l i a b l e . Secondly, by using Just 
the T .V. monitor. I t was Impossible to record the behaviour of both birds 
simultaneously. 
Ten male pigeons were used for the experiment. The pigeons were paired 
on a random bas is and each pigeon was, i n i t i a l l y , a complete stranger to the 
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O 
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F i g . 3.1 Diagram of the experimental se t -up . The cages and T .V . camera 
were placed In a separate room. 
other . At the beginning of the f i r s t encounter, the pigeons were allowed to 
interact for two minutes before any recording of tlie behaviours was made. 
This allowed for behaviours such as f lee ing and escape to appear in one of 
the b i r d s , so that only the behaviour of the eventual dominant bird was 
observed and recorded. In tlie event were no such behaviours appeared a f t e r 
two minutes, no recordings were made unt i l the observer could c l e a r l y ident i fy 
one of the pigeons as the dominant b i r d . 
Each recording session lasted for 32 minutes, beginning when the pa r t i t i on 
between the adjoining cages was removed thereby al lowing the pigeons free 
access to each other . There were three recording sess ions per day, at 10.00 
hours, T4.OO hours and 18,00 hours over a period of ten days. These times 
were selected In order to invest igate the possib le e f f e c t s of diurnal 
rhythmiclty on agon is t ic behaviour. THie f i r s t day of the experiment was 
designated as day 1, and each ten day experiment between two pigeons w i l l be 
referred to as a ' S e r i e s ' . 
Recordings of the observed behaviours were made with the MATE (see 
Appendix B ) , using a Marconiphone tape recorder at a tape speed of 18 cm. per 
second. The duration of each behaviour pattern was recorded automatical ly 
onto the tape recorder and data decoding was processed with the use of a WDV 
Inter face and an IBM 1130 computer. The program for data decoding was wri t ten 
by J . D. D e l l u s . 
3 .3 S t a t i s t i c a l Analys is 
The following non-parametric t e s t s have been employed: (1) Spearman ranl< 
cor re la t ion c o e f f i c i e n t ; (2) Friedman two way a n a l y s i s of var iance . These 
t e s t s were applied and computed as described In Slegel ( 1 9 5 6 ) . The chosen 
level of s i g n i f i c a n c e was a « 0 . 0 1 . Most of the data analyses and s t a t i s t i c a l 
t e s t s were made using an IBM 1130 computer. 
3 . 4 Descr ipt ion of behaviour observed and recorded during encounters 
The behaviour patterns described in the following sect ion are a l l 
performed by a dominant male pigeon In the experimental s i t u a t i o n , 
and recorded. 
In the recognition and recording of behaviour pat terns , the observer must 
make ce r ta in subject ive d e c i s i o n s ; and in behaviour a n a l y s i s t h i s I s an Issue 
one cannot af ford to neglect . Furthermore, I f ce r ta in behaviours are not 
q u a l i t a t i v e l y d i s c r e t e , the observer may f a l l to record these events due to 
Inat tent ion. The behaviour patterns observed and recorded in the following 
experiment were considered to be q u a l I t i a t i v e l y d i s c r e t e , c l e a r l y d l f f e ren t l ab le 
and which were obvious enough as not to pass e a s i l y unnoticed by the observer. 
Although some of the behaviour patterns to be described are not usua l ly 
associated with agon is t ic behaviour under normal f i e l d condi t ions , t h e i r 
frequent occurrence in the experiment, which may be considered abnormal re la t i ve 
to f i e l d cond i t ions , warranted t h e i r recording. A short descr ip t ion of the 
behaviour patterns on which subject ive dec is ions were made, now fo l lows. For 
a more complete descr ip t ion of the movements involved in the i r performance, 
one i s referred to Chapter 2 . 
Aggressive Pecking This behaviour was recorded when one pigeon pecked at and 
made contact with the antagonis t 's head, neck or any other part of i t s body. 
Only the dominant pigeons showed aggressive pecking, and t h i s behaviour was 
used as a c r i t e r i o n in beginning to record the behaviour of one or the other 
pi geon. 
In Aggressive BI111nq, the pigeon pecks the opponent's b i l l , sometimes grasping 
i t in i t s own b i l l . This behaviour usua l l y occurred during body pushing. 
Body Pushing This behaviour was e a s i l y recognisable, and consisted of one 
pigeon pushing against another with i t s upper thorax. The pigeons may or 
may not have the i r wings r a i s e d . 
Bowlng This behaviour i s explained extensive ly In Chapter 2 . Frontal and 
s i d e , or l a t e r a l , bowing were a lso recorded as 'Bowing' , s ince t rans i t ions 
from frontal to l a te ra l bowing were very frequent and f a s t . The observer 
could not c l e a r l y d i f f e r e n t i a t e the point at which body-orlentatlon frontal 
bowing became la te ra l bowing and v i c e - v e r s a . 
Nodding was recorded every time the pigeon lowered and raised I t s head, as 
described In Chapter 2 . 
Wing Vibrat ion This behaviour was observed when the pigeon was in e i t h e r an 
erect or in a s i t t i n g p o s i t ion . No d i f f e r e n t i a t i o n was made between the two 
postures, wing v ibrat ion being recorded in e i the r c a s e . 
Aggressive Intention peck The head Is brought sharply forward and downward, and 
contact i s never made with the opponent. 
3.5 Experimental r e s u l t s 
The resu l ts obtained for a l l the experimental s e r i e s are presented 
diagrammatically in F i g s . 3.2 to 3 .6 . Because of the nature of the data 
obtained, re f l ec t ing the individual v a r i a b i l i t y between the Interact ' ions, each 
s e r i e s w i l l be considered separate ly . 
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By analysing each In teract ion I n d i v i d u a l l y , one obtains a better p icture 
concerning the re la t ionsh ips between these behaviours, and between the pigeons 
themselves. The grouping of highly var iab le data can lead to a s i g n i f i c a n t 
loss of ' in format ion ' ; and in ethological studies of t h i s nature, such a loss 
could lead to erroneous interpretat ion of the data . 
The session to ta ls ( total number of seconds spent performing a p a r t i c u l a r 
behaviour per sess ion) and the d a i l y means (mean performance of a p a r t i c u l a r 
behaviour in seconds per 32 minutes per day) for each s e r i e s , as well as for 
the s e r i e s overa l l (da l ly means o n l y ) , are presented In Appendix D. Both the 
session to ta ls and the d a l l y means for each behaviour were In tercorre la ted 
using Spearman's cor re la t ion c o e f f i c i e n t , and the cor re la t ion matrices for 
each Individual s e r i e s and the s e r i e s overa l l are presented In Appendix E , 
Experimental s e r i e s 1 
In teract ion between P13 (dominant) and P35: The r e s u l t s for the Interact ion 
are presented in F i g . 3 . 2 . Aggressive behaviour (Aggressive pecking. Aggressive 
b i l l i n g . Body pushing and Wing f l i c k i n g ) and Bowing were predominant on Day 1. 
Aggressive behaviour.declIned thereaf ter remaining low through to Day 10. 
S i g n i f i c a n t in te rcor re la t lons over sessions were found between Aggressive 
pecking, Aggressive b i l l i n g and Body pushing (p < 0 .001 ) , between Bowing and 
these aggressive behaviours (p < O.OI) and between Wing f l i c k i n g and these 
aggressive behaviours (p < 0 .001) . Wing f l i c k i n g and Bowing were unrelated. 
The general p ic ture presented by these data i s that the measured aggressive 
behaviours were re la ted . However, a further in te res t ing f inding was that 
Nodding (general ly considered a courtship behaviour, Fabr ic ius and Jansson, 
1 9 6 3 ) , was corre lated with Aggressive Intention pecking (p < 0 .001 ) . 
Experimental Ser ies 2 
In teract ion between P30 (dominant) and P3: the resu l ts of th is Interact ion 
are presented in F i g . 3 . 3 . As In the previous In te rac t ion , a l l the aggressive 
behaviours and bowing were predominant on Day 1. This was followed by a 
subsequent decrement in the performance of the aggressive behaviours. Af ter 
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F i g . 3.2 Experimental s e r i e s 1, Histograms for the behaviours recorded during 
the experiment, with the ordinate showing the mean duration of each 
behaviour per 32 minutes for each day; and the a b s c i s s a , the number 
of days in the experiment. A l l of the aggressive behaviours showed 
a decrement over the f i r s t three days, whereas aggressive intention 
peck showed an increment thereaf ter . 
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F i g . 3 .3 Experimental se r i es 2 , Histograms for the behaviours recorded 
during the experiment, with the ordinate showing the mean 
duration of each behaviour per 32 minutes for each day; and the 
a b s c i s s a , the number of days in the experiment. Again a decrement 
in aggressive behaviour i s noticeable over the f i r s t two days, 
aggressive intention peck showing an increase a f te r day k. 
Day 5 there i s some recovery o f , these behaviours, excluding aggressive pecking, 
but th is f luctuates over the remaining days. Aggressive intention peck showed 
an increment in the level of performance a f t e r Day 4 . 
A s i g n i f i c a n t negative cor re la t ion over sessions as well as over days was 
found between aggressive Intention peck and aggressive pecking (p < 0 . 0 1 ) , but 
not with the other aggressive behaviours. S ign i f i can t In te rcor re la t lons were 
found between bowing and the aggressive behaviours (excluding aggressive 
pecking; p < 0 . 0 1 ) , between the aggressive behaviours themselves (p < 0.001) 
and between Nodding and Wing v ibrat ion (p < 0 .001) . 
Experimental s e r i e s 3 
Interact ion between P28 (dominant) and P36: The resu l ts for the in teract ion 
are presented in F i g . 3 .4 . I t i s immediately evident that although the 
aggressive behaviours dec l ine over the f i r s t two days, the i r performance becomes 
rather i r r e g u l a r , or so I t seems, subsequently. Bowing shows a steady decl ine 
in performance a f t e r Day 1. The s i g n i f i c a n c e of these resu l ts w i l l be discussed 
at a l a te r stage. 
S i g n i f i c a n t pos i t i ve in te rcor re la t lons were found between the aggressive 
behaviours over sessions and days (p < 0 .005 ) , between bowing and aggressive 
pecking (p < 0.01) and between nodding and wing v ibrat ion (p < 0.001) over 
s e s s i o n s . Bowing and the other aggressive behaviours were not re la ted . As 
In the previous two experimental s e r i e s , i t i s In terest ing to note that the 
measured aggressive behaviours are re la ted , although In th is case bowing i s 
only related to aggressive pecking. 
Experimental s e r i e s 4 
In teract ion between P10 (dominant) and P26: The r e s u l t s for th is 
experimental s e r i e s are given In F i g . 3 .5 . A dec l ine In aggressive behaviour 
I s ev ident , again taking place over the f i r s t two days. Bowing a lso declined 
during these days. On the other hand, nodding, wing v ibrat ion and aggressive 
intent ion peck showed an increment In performance over the same time. 
S ign i f i can t In te rcor re la t ions over sess ions and days were found between 
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F i g , 3A Experimental s e r i e s 3 . Histograms for the behaviours recorded during 
the experiment, with the ordinate showing the mean duration of each 
behaviour per 32 minutes for each day; and the a b s c i s s a , the number 
of days in the experiment. A s imi la r decrease in aggressive 
behaviour to the one in experimental s e r i e s 1 and 2 can be seen, 
A possible explanation for the "spontaneous" surge in aggressive 
behaviour on day 7 and wing v ibrat ion on day 10 i s given in the 
text . 
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F i g , 3 , 5 Experimental s e r i e s k. Histograms for the behaviours recorded 
during the experiment, with the ordinate showing the mean duration 
of each behaviour per 32 minutes for each day; and the absc issa 
the number of days in the experiment, A decrease in the aggressive 
behaviours from day 1 to day 2 i s again not iceable . 
the aggressive behaviours (p < 0 .005 ) , between bowing and wing f l i c k i n g over 
the 32 minute sessions (p < O.OOl) , and between bowing and aggressive b i l l i n g 
(p < 0.01) over days. Bowing, wing f l i c k i n g and the other aggressive behaviours 
were unrelated over days. 
An in te res t ing and s i g n i f i c a n t re la t ionship was found between the 
aggressive behaviours and nodding (p < O.OOl) , between bowing and th is 
behaviour (p < 0 .001 ) , and between wing v ibrat ion and th is behaviour (p < O.OOl) 
over the s e s s i o n s , but no re la t ionsh ip was found between these behaviours 
over days. 
Experimental s e r i e s 5 
Interact ion between P77 (dominant) and PI5: The r e s u l t s for t h i s s e r i e s 
are presented in F i g . 3 .6 . As In a l l the previous experimental s e r i e s , 
aggressive behaviour was predominant on day 1. Thereafter aggressive behaviour 
showed a decrement through to day 3t which was followed by a f luctuat ion In 
the performance of t h i s behaviour through to day 10, although the overa l l 
level remained low. 
A recurrence of. the s i g n i f i c a n t In te rcor re la t lons between the aggressive 
behaviours, and between bowing and these behaviours (p < 0.01) I s evident In 
t h i s experimental s e r i e s . Other cor re la t ions between bowing and nodding, and 
between wing v ibrat ion and t h i s behaviour were s i g n i f i c a n t over sessions 
(p < 0 . 0 1 ) . 
The trend which was estab l ished In the previous ser4es between Bowing 
and the aggressive behaviours recurs In t h i s s e r i e s , as well as the re la t ionship 
between Nodding and Bowing. 
F i g . 3.7 shows the mean duration per 32 minutes, per day, of a l l the 
behaviours over 10 days, for the s e r i e s o v e r a l l . One can Immediately see that 
by grouping a l l the s e r i e s together, there Is a considerable l o s s of Information 
on the individual i n t e r a c t i o n s . 
During a decrement in the performance of Aggressive pecking. Aggressive 
in 
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F i g . 3 . 6 Experimental s e r i e s 5 . Histograms for the behaviours recorded 
during the experiment, with the ordinate showing the mean 
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a b s c i s s a , the number of days in the experiment. Aggressive 
behaviour shows a decrease from day 1 to day 2 , but overa l l there 
i s a low mean level of aggression r e l a t i v e to the previous s e r i e s , 
over days. No explanation i s immediately evident for the low 
level of behaviour on day 6 . 
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F i g . 3 .7 Histograms showing the mean duration of the behaviours (seconds 
per 32 mins, for each day) for a l l the experimental s e r i e s 
(ord inate) , during days ( a b s c i s s a ) . The aggressive behaviours 
a l l show a decl ine a f t e r day 1, while aggressive intention peck 
shows an increase . The surge on day 7 i s probably caused by the 
r e l a t i v e l y high level of aggression on that day, in experimental 
s e r i e s 3 . 
intention peck showed an Increment over days. This I s a s i tua t ion where an 
aggressive behaviour i s being "d isp laced" by a. threaten!ng or possib ly a 
c o n f l i c t behaviour. O v e r a l l , the other aggressive behaviours, namely Aggressive 
b i l l i n g . Body pushing and Wing f l i c k i n g , a l l showed a decrement a f t e r day 1. 
The sudden and unexpected increase in the performance of aggressive behaviour 
on Day 7 i s probably due to one of the pigeons (P28, Experimental s e r i e s 3) 
showing a high level of performance of these behaviours, r e l a t i v e to the other 
pigeons. 
Looking now at the cor re la t ion c o e f f i c i e n t s , one might obtain an Indicat ion 
of the re la t ionships or causal systems operating between these agon is t ic 
behaviours. 
The cor re la t ion measures for the overa l l number of sessions (n = 150) show 
that bowing Is s i g n i f i c a n t l y corre la ted to the aggressive behaviours (p < 0 .001) . 
These c o r r e l a t i o n s , excepting the one with aggressive pecking which Is not 
s i g n i f i c a n t , are maintained over days during the experiment. Aggressive 
intent ion peck shows a s i g n i f i c a n t negative c o r r e l a t i o n with aggressive pecking 
(p < 0 .001 ) , aggressive b i l l i n g (p < O.Ol) and body pushing (p < 0.02) over 30 
s e s s i o n s , but with only aggressive pecking over days (p < 0 .005) . Nodding and 
wing v ibra t ion are s i g n i f i c a n t l y corre lated both over sessions and days 
(p < 0 .001) . Moreover, nodding i s a lso corre la ted with aggressive pecking and 
wing f l i c k i n g (p < 0.001) and with body pushing (p < 0.01) over s e s s i o n s . 
3.6 Diurnal rhythm e f f e c t s on agonis t ic behaviour 
3.6.1 Experimental Resul ts 
From a prel iminary s t a t i s t i c a l a n a l y s i s on a l l the behaviours for each 
experimental s e r i e s using Friedman's two way a n a l y s i s of var iance (sessions x 
d a y s ) , i t was concluded that diurnal rhythm e f f e c t s did not a f fec t agonis t ic 
behaviour performance in any way throughout the s e r i e s . 
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BEHAVIOUR 1 2 3 4 5 6 7 8 
EXPERIMENTAL 
SERIES 
1 1.399 2.599 0.649 2.399 3.949 3.1^9 0.649 2.449 
2 0.349 0.3^9 0.599 2.399 7 . 1 9 9 * 7.799* 2.599 0.349 
3 2.449 5.5^9 6.049* 3.199 1.399 0.199 7.849* 2.599 
4 2.149 1.549 0.649 5.399 3.799 ^.999 5.599 2.449 
5 6.3^9* 3.049 0.949 3.799 5.599 1.799 1.399 0.599 
P < 0.05 
p^ < 0.02 
Table 3.a Table giving Friedman's s t a t i s t i c for the tes t on the three session 
times (10.00, 14.00 and 18.00 h r s . ) , for each behaviour In the 
experimental s e r i e s . (Computed from the data presented In Appendix 
D) . The behaviours are coded as fol lows: Behaviour 1 " A g g r e s s i v e 
pecking; Behaviour 2 «= Aggressive b i l l i n g ; Behaviour 3 = Body pushing; 
Behaviour 4 = Bowing; Behaviour 5 = Nodding; Behaviour 6 = Wing 
v ibra t ion ; ' Behaviour 7 = Wing f l i c k i n g ; Behaviour 8 = Aggressive 
intent ion peck. 
This quant i ta t ive evidence I s presented in Table 3 . a . 
3.7 Dlscussion 
The overa l l p ic ture the experimental s e r i e s present I s that aggressive 
behaviour shows a decrement mainly over the f i r s t two days of the experiment. 
Bowing a l s o shows t h i s decrement in the s e r i e s , but I t s mean level of performance 
f luctuates considerably a f t e r the second day. High performance leve ls of 
nodding and wing v ibra t ion were recorded on days which were preceded by 
r e l a t i v e l y high leve ls of aggressive behaviour. Aggressive intention peck 
showed an increment in performance during a decl ine in aggressive pecking (see 
F i g s . 3 . 3 , 3 A and 3 . 7 ) . These impressions are supported by the s i g n i f i c a n t 
negative cor re la t ions between aggressive pecking and aggressive Intention peck. 
Two in teract ions need mentioning In p a r t i c u l a r . 
On day 7 of experimental s e r i e s 3, a very high level of aggression was 
recorded. This was followed by a very high Increase In wing v i b r a t i o n . 
Furthermore, P28 attempted copulation seven times with P36 , on day 10. Nodding 
a l s o showed an increment over these days. In behavioural terms, an analogous 
s i t u a t i o n occurs between a male and female pigeon during the pre - lay ing phase 
of the breeding c y c l e : the male Is very aggressive towards the female at f i r s t , 
but gradual ly shows more and more wing v ibrat ion and eventual ly the f i r s t 
copulations (Fabr ic ius and Jansson, 1963 ) . Of course, t h i s takes place over 
a longer length of time. This analogy Is suggest ive, never the less , and may 
indicate that P28 was both aggressive ly and sexual ly motivated. 
On day 6 of experimental s e r i e s 5 , there was a very low mean level of 
behaviour o v e r a l l . This was followed by Increments during the following days 
in most of the behaviours recorded, although some occurred much quicker than 
o t h e r s . There seems to be no explanation a v a i l a b l e for t h i s change In a c t i v i t y . 
The behaviours observed during th is experiment may have the fol lowing 
functional s ign i f I capce : (a) the maintenance of an estab l ished t e r r i t o r y and 
(b) the maintenance of lowered leve ls of aggression between two neighbours. 
In pigeons, where competition for food does not occur within t e r r i t o r i e s , 
aggression d i rected towards neighbours need not be maintained at a constant ly 
high l e v e l ; nor i s I t necessary for a bird to be over t ly aggressive towards 
i t s neighbours for more t e r r i t o r i a l ga in , once I t has estab l ished a nest s i t e . 
Consequently, for the maintenance of lowered leve ls of aggression between 
t e r r i t o r i a l l y adjacent pigeons, some mechanism by which neighbouring birds 
might be recognised, and the t e r r i t o r i a l boundary maintained, would be required. 
Birds often use vocal d isp lays to del ineate t e r r i t o r i a l boundaries, and in 
pigeons, bowing could have such a funct ion. 
The r e s u l t s obtained here Indicate that bowing behaviour Is a c o n f l i c t 
behaviour by which, p o s s i b l y , the t e r r i t o r i a l boundary I s maintained, as well 
as being a threat d i s p l a y , s ince the pigeon shows i t s e l f , feathers e r e c t , from 
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a l l s ides to I t s antagonist . The bowing c a l l , which Is given In conjunction 
with bowing, has been observed during the pre-Incubatory phase of the breeding 
c y c l e , as well as during t e r r i t o r i a l defence (Fabr lc lus and Jansson, 1963). 
Rashotte et a1. (1975) have shown that pigeons show bowing during 
experiments on schedule-Induced aggression. The behaviour ( Including the c a l l ) 
was performed during the f i r s t few minutes when a pigeon Image was projected 
onto a screen and before t readle pressing began. In the present experiment, 
bowing was always the f i r s t behaviour to be performed by both birds as soon 
as the par t i t ion between the two cages was removed. I t may be that the lack 
of a physical ba r r i e r caused each bird to a s s e r t I t s t e r r i t o r i a l area through 
t h i s behaviour. I t appears that th is v isua l as well as vocal d isp lay must be 
reciprocated by the neighbouring pigeon, otherwise the dominant bird encroaches 
on the other pigeon and usua l ly a t tacks I t . Simpson (1973) suggests that "a 
s i tua t ion where Indiv iduals frequently d isp lay . . . I s a s i tua t ion where the 
preva i l ing s o c i a l re la t ions in the group are cont inual lybelng ' t e s t e d ' . " I n 
t h i s experiment, the high performance of bowing behaviour, suggests that th is 
may be the case betwejen the two pigeons. 
The behaviour patterns nodding and wing v ibrat ion could be c lassed as 
displacement a c t i v i t i e s , because of the s i tua t ions In which they were seen. 
Genera l ly , however, the c r i t e r i a for behaviours being relevant In a p a r t i c u l a r 
s i tua t ion are Introduced by the observer and could be erroneous. Displacement 
a c t i v i t i e s usua l ly occur as a resu l t of thwarting of a d r i v e , and the i r manner 
of performance Is t y p i c a l l y nervous, often vigorous and Incomplete. Nodding 
and wing v ibra t ion are not normally considered as agon is t i c behaviours (e .g . 
see Fabr lc lus and Jansson, 1963; Goodwin, 1955, 1956), but the fact that these 
behaviour patterns were performed with such frequency and vigour In an agonis t ic 
s i t u a t i o n , argues against the i r " i r r e l e v a n c e " . 
I t i s probable that these behaviours have a s i m i l a r function In th is 
context to when they are performed by the male during the pre-Incubatory phase 
of the breeding c y c l e . I . e . one of appeasement. As well as functioning as 
appeasement behaviours, these two seemingly " I r r e l e v a n t " behaviours are 
necessary ?n the maintenance of lowered leve ls of aggressfon between two male 
pigeons, as they are In the maintenance of a pair-bond between a male and 
female pigeon. Simpson (1968) found that most of the d isplay act ions performed 
by male Siamese f ight ing f i s h when with a female, are a lso performed when he 
i s with a strange male. A s i m i l a r s i tua t ion Is found In pigeons and I t I s 
p o s s i b l e , therefore , that the behaviours mentioned have been merely overlooked, 
by observers studying them In only one s i t u a t i o n . 
Aggressive pecking, which Is an aggressive behaviour performed only by 
dominant pigeons, always showed a decrement from day 1 to day 2 . Th is suggests 
that once dominance has been e s t a b l i s h e d , there i s no necess i ty for further 
aggression to maintain dominance. However, in a s i tua t ion where dominance I s 
being " t e s t e d " , aggressive b i l l i n g , body pushing and wing f l i c k i n g are 
performed by both b i r d s , probably " a s a measure of strength In bodily contact" 
( E l b l - E I b e s f e l d t , 1961). 
The re la t ionships formed between these behaviours when using I n t e r -
cor re la t lons only give us a very p a r t i a l p ic tu re . Meehl (1967) warns of the 
problems which a r i s e from obtaining s t a t i s t i c a l l y s i g n i f i c a n t resu l ts from 
b io log ica l data . S t a t i s t i c a l l y s i g n i f i c a n t cor re la t ions can be obtained between 
many measures of an animal 's behaviour and any other measure one chooses. I f 
the sample I s large enough, because organisms are integrated systems. 
However, because the level of s i g n i f i c a n c e chosen i s high and because 
s i g n i f i c a n t cor re la t ions between the behavioural measures appear cons is tent ly 
throughout a l l the In teract ions ( re f . to Appendix E ) , s i g n i f i c a n t resu l ts 
probably should not be a t t r ibuted to chance a lone. Nevertheless, one must not 
forget that for a f u l l understanding of these behavioural c o r r e l a t i o n s , one 
must understand the mechanisms that produce them. 
An Important d i f ference between th is experiment and condit ions in the 
f i e l d i s that in the experiment only one neighbouring pigeon was a v a i l a b l e . 
Hence habituation between the two birds may have occurred more quickly than 
when many pigeons are present . Furthermore, a pigeon In the f i e l d Is l i k e l y 
f>2 
to have a mate, and ce r ta in behaviours are undoubtedly directed towards her 
as w e l l . These behaviours (such as nodding and wing v ibra t ion) were noticeable 
In the experiment, and i t Is possib le that pigeons performed these towards 
other males in the absence of a mate. 
In the f i e l d , therefore , each of the adjoining t e r r i t o r i a l boundaries 
would have to be maintained, and consequently the time spent d isp lay ing or 
showing aggression towards neighbouring pigeons would have to be divided between 
them, rather than being di rected towards one pigeon in p a r t i c u l a r . 
One factor that could a f f e c t the r e s u l t s Is that the opportunity to behave 
aggress ive ly can act as a re ln forcer (Thompson, 1963f 1969). In th is experiment, 
I had no way of assess ing how much negative or pos i t i ve reinforcement a pigeon 
normally receives when engaging In aggressive behaviour. Moreover, I had no 
measure of the usual da l l y amount of aggression In the pigeon. 
More s p e c i f i c a l l y , one must bear in mind that the a n a l y s i s In th is study 
had to be confined to only the behaviour-output of dominant pigeons, whi ls t 
keeping several of the Input var iab les constant . The resu l ts indicate that 
whi le the agon is t Ic Jsehavlours showed strong causal connections between 
themselves and In ce r ta in Ins tances , with other " I r r e l e v a n t " behaviours, the 
re la t ionships between these behaviour patterns I s one of considerable 
complexity. The s i tua t ion I s , therefore , more than one of a "uni tary causal 
ent i ty" or uni tary motivation of aggressive behaviour. Rather I t i s l i k e l y 
that these re la t ionships are the outcome of mult iple and complex Interact ions 
within the nervous system, which are subjected to varying stimuli or inputs 
and which involve the causal systems of other functional mechanisms than, but 
in conjunction w i th , those of agon is t i c behaviour. 
HInde (1970) presents the argument s u c c i n c t l y when he s t a t e s : " . . . In any 
p a r t i c u l a r c a s e , our i n i t i a l assumption should not be that there I s a s ing le 
process underlying the change In responsiveness: rather we must expect 
processes with varied c h a r a c t e r i s t i c s , presumably occurr ing at d i f fe rent 
points in the underlying nervous mechanisms.. . i t would be safe to assume that 
exposure to a stimulus w i l l be accompanied by processes (with var ied, time 
c h a r a c t e r i s t i c s ) leading to an increase In subsequent responsiveness, and a l s o 
to processes leading to a decrease" . S imi la r points are made by Clayton and 
Hinde (1968) and Groves and Thompson (1970). 
This experiment has been concerned with agon is t i c behaviour between pa i rs 
of male pigeons, whose members were I n i t i a l l y strange to each other , in which 
the outcomes are re la t ionships involving lowered leve ls of aggression between 
i n d i v i d u a l s . I t i s suggested that habituation may be taking place over a 
short period of t ime, and that t h i s Is one of the mechanisms Involved In the 
regulation of aggression between t e r r i t o r i a l neighbours. S imi la r mechanisms 
are already known to operate In f i s h . 
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CHAPTER k 
EXPERIMENT 2: SOME EFFECTS OF SOCIAL ISOLATION 
ON AGONISTIC BEHAVIOUR 
k,1 Introduction 
In recent years there has been c o n f l i c t i n g evidence as to the e f f e c t 
of I so la t ion and various forms of deprivat ion on the readiness of animals 
to respond in the relevant context , and l i t t l e agreement on the possib le 
mechanisms involved. 
Heil lgenberg (1963) and more recently Helllgenberg and Kramer (1972) 
and Gal lagher , Herz and Peeke (1972) found a waning of aggress lv l ty with time, 
a f t e r periods of I so la t ion In three species of c i c h l l d f i s h . Moreover, there 
was a t ime-lag before the level of aggression reverted to normal again. This 
t ime-lag of several days before the readiness to at tack bui lds up again 
suggests that the causal fac tors Involved may be hormonally dependent. 
On the other hand, XIphophorus h e l l e r l males kept In soc ia l i so la t ion for 
14 to 56 days showed f ights of Increasing duration and I n t e n s i t y , with 
increasing i s o l a t i o n (Franck and Wi lhelml , 1973). Van den Assem and van der 
Molen (1969) and JennI , van l e r s e l and Van den Assem (1969) demonstrated that 
male s t ick lebacks previously placed In Iso la t ion tended to be more aggressive 
towards conspec l f l cs than males placed In v isua l contact with other males. 
Experiments In dominance reversa ls with green sunf lsh (LepomIs cyanel lus) 
have resulted In data showing a large Increase In the number of at tacks made 
by dominant f i s h on subordinate c o n s p e c i f I c s , a f t e r the former had been held 
in i s o l a t i o n for several days (McDonald, Heimstra and Damkot, I963) . Rasa 
(1971a) has shown that In j u v e n i l e s of the f i s h Mlcrospathodon chrysurus , 
there e x i s t s an endogenous, appet i t ive behaviour for aggression for s i tua t ions 
st imulat ing t e r r i t o r i a l borderl ine f i g h t s . Moreover these f i s h showed an 
increment in aggressive behaviour, when they were iso la ted from conspec i f i cs 
for several days. 
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Other studies have demonstrated that mice placed In I so la t ion for several 
weeks show a s t r i k i n g Increase In the i r aggressive behaviour towards conspec l f lcs 
(Charpentler , 1969; Baner jee, 1971; V a l z e l l l , 1969). However, Krs lak and Janku 
(1969) could detect only a s l i g h t Increase In the aggressive behaviour of mice 
Iso la ted for s i m i l a r lengths of time. Lagerspetz (1969) demonstrated that 
the presence or absence of t h i s e f fec t In mice I s largely related to the 
genetic s t r a i n and the sex of the mice used In the experiments. 
As y e t , no Invest igat ions have been done on b i r d s . The following experiment 
i s a short study Invest igat ing the e f f e c t s of soc ia l I so la t ion on the agon is t ic 
behaviour of male pigeons. 
The sample s i z e . In th is case three pigeons, I s rather smal l . When small 
samples are used, the absence of s t a t i s t i c a l s i g n i f i c a n c e should not be 
Interpreted as a confirmation of the nul l hypothesis. However, one may at 
least consider the r e s u l t s , p a r t i c u l a r l y those of the I n d i v i d u a l s , as an 
Indicat ion of the possib le e f f e c t s of the experimental var iab le on the behaviour 
under t e s t . The chosen level of s ign i f i cance in th is experiment was a = 0.05. 
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k.2 Mater ia ls and Methods 
During the periods of I s o l a t i o n , the pigeons were kept s ing ly In galvanised 
metal cages, each measuring kO x kO x. k5 cm. The cages were housed In separate 
c u b i c l e s . White noise was maintained at a level of 70 - 5 dB A , thereby 
minimising the p o s s i b i l i t y of auditory communication between the b i r d s . The 
white noise generator switched on automatical ly at 08.00 hours and went of f 
at 20.00 hours In synchrony with the photoperlod. 
In a prel iminary ' p i l o t ' experiment, which was performed three months 
before t h i s experiment, a pigeon which was subordinate to the three I s o l a t e s 
was chosen as the test b i r d . This test bird provided a su i tab le test stimulus 
to record and measure agon is t i c behaviour in the i s o l a t e s . Moreover, a l l the 
pigeons became accustomed to the test cage and did not show, at any time, any 
f r ight react ions when f i r s t placed in the test cage during the experiment proper. 
Three indiv iduals were placed for varying periods In Iso la t ion a f t e r 
which they were allowed to meet a subordinate antagonist . The encounters took 
place In a wooden cage measuring 120 x 60 x 60 cm., which was divided Into two 
separate areas by an opaque p a r t i t i o n . At the end of each Isolatlor^ per iod, 
the I s o l a t e was placed^ in one area of the cage and I t s behaviour recorded (with 
the MATE) for eight minutes pr ior to the Introduction of the tes t bird In the 
other a r e a . The par t i t ion was removed, and the recording was continued for 
an addit ional 32 minutes. To compensate for possib le diurnal rhythm e f f e c t s , 
a l l the encounters took place at 14.00 hours. 
The f i r s t encounter between experimental pigeon and tes t bird took place 
before the pigeons were placed In I s o l a t i o n , and th is encounter w i l l be 
referred to as Day 0. Subsequently, the pigeons were placed for 2 , 4 , 8 , 16 
and 32 days In i s o l a t i o n , al lowing 15 days In a s o c i a l s i tua t ion ( I . e . the 
pigeons were placed In the i r normal cages In the pigeon room, but did not have 
any v isua l communication with the test pigeon), between each Iso la t ion period. 
This may have allowed for any possib le e f fec t or change brought about by the 
preceding I so la t lon period to disappear, thus minimising the cumulative e f fect 
due to several i s o l a t i o n per iods. 
Because of the small amount of aggressive behaviour shown and In order to 
obtain a s a t i s f a c t o r y aggression s c o r e , the data for the aggressive behaviours, 
namely aggressive b i l l i n g , aggressive pecking, body pushing and wing f l i c k i n g , 
were added together. 
Data are presented i n d i v i d u a l l y , and analysed s t a t i s t i c a l l y (Appendix F , 
tables F.4 to F.12) using non-parametrlc trend a n a l y s i s ( S t i l l , 1967). 
4.3 Experimental r e s u l t s 
The r e s u l t s for the experiment are presented In F i g s . 4.1 to 4 . 3 . Owing 
to the v a r i a b i l i t y in the behaviour of both the experimental pigeons and the 
tes t b i r d , r e s u l t s for the indiv iduals In general and a lso for p a r t i c u l a r 
observations showed quite a large v a r i a t i o n . 
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The e f fec t of s o c i a l I so la t ion Is re f lected In the performance of aggressive 
bowing and dr iv ing behaviour. The level of performance of these behaviours 
may serve as an Indicat ion as to the possib le changes In the Internal stimulus 
s ta te of the pigeons a f t e r d i f f e r i n g periods In I s o l a t i o n . S t a t i s t i c a l a n a l y s i s , 
presented In Appendix F , supports the Impressions conveyed In the f i g u r e s . 
Considering f i r s t l y the total r e s u l t s of the eight four-minute periods 
I n d i v i d u a l l y , for the three pigeons (see Appendix F , tables F. I to F . 3 ) : 
On day 0, P31 spent 33^ seconds out of 32 minutes bowing and 717 secs/32 
minutes dr iv ing ( F i g . 4 . 1 ) . Af ter 32 days In I s o l a t i o n 103^ secs/32 mins were 
spent bowing and only k20 secs/32 mins were spent d r i v i n g . Linear trend 
a n a l y s i s on the data gave a pos i t i ve l inear trend for bowing (p < 0 . 0 1 ) , whi ls t 
there was no s ign i f i cance In l inear . t rend for d r i v i n g . Aggressive behaviour 
performance decreased with Increasing days In I s o l a t i o n . The data for P3I 
gave no s i g n i f i c a n c e In l inear trend for aggressive behaviour. 
P29 showed f luctuat ions In bowing behaviour performance with Increasing 
days in i s o l a t i o n ( F i g . k.2). On day 0, P29 spent 385 secs/32 mins bowing 
and a f t e r 2 and k days in i s o l a t i o n i t spent 502 sees and 129 sees out of 32 
minutes bowing r e s p e c t i v e l y . Af ter 32 days In I s o l a t i o n , 225 secs/32 mins 
were spent bowing: trend a n a l y s i s gave no s i g n i f i c a n t r e s u l t s . Driving showed 
a d e f i n i t e decrement in performance over days, s t a r t i n g with 85 secs/32 mins 
on day 0 and showing no dr iv ing behaviour whatsoever a f t e r 16 and 32 days In 
i s o l a t i o n . S t a t i s t i c a l a n a l y s i s produced a s i g n i f i c a n t negative l inear trend 
with Increasing days in Iso la t ion (p < 0 . 0 5 ) . The increment in aggressive 
behaviour, p a r t i c u l a r l y a f t e r 16 and 32 days in i s o l a t i o n , was not s i g n i f i c a n t . 
P34 spent 660 secs/32 mins bowing and k22 sees out of 32 mins dr iv ing 
( F i g . 4 . 3 ) . Bowing performance showed an overa l l Increase with Increasing 
periods In I s o l a t i o n , so that a f t e r 32 days In I so la t ion P3k spent 1115 s e e s / 
32 mins bowing. On the other hand, dr iv ing performance showed a decrease with 
increasing periods in i s o l a t i o n so that the bird spent only 189 secS/32 mins 
dr iv ing a f t e r 32 days in i s o l a t i o n . Bowing behaviour gave a s i g n i f i c a n t 
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F i g . 4.1 P31. Graphs showing the duration of bowing, dr iv ing and 
aggressive behaviour, in seconds per session (ord inate) , with 
increasing days in i s o l a t i o n . Bowing shows a s i g n i f i c a n t trend 
with increasing days in i so la t ion (p < O.OI ) , while dr iv ing and 
aggressive behaviour showed no s i g n i f i c a n c e . 
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F i g , 4,2 P29. Graphs showing the duration of bowing, dr iv ing and aggressive 
behaviour, in seconds per session (ord inate) , with increasing 
days in i s o l a t i o n . Driving showed a s i g n i f i c a n t negative l inear 
trend (p < 0,05) while bowing and aggressive behaviour showed 
no s i g n i f i c a n c e . 
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F i g . 4,3 P34. Graphs showing the duration of bowing, dr iv ing and aggressive 
behaviour, in seconds per session (ord inate) , with increasing 
days in i s o l a t i o n . Bowing (p < 0 ,05 ) , dr iv ing (p < 0,02) and 
aggressive behaviour (p < 0,05) a l l showed s i g n i f i c a n t Irends. 
pos i t ive l inear trend with increasing days In I so la t ion (p < 0 . 0 5 ) . whi le 
dr iv ing behaviour gave a s i g n i f i c a n t negative l inear trend (p < 0 . 0 2 ) . Linear 
trend a n a l y s i s supports the Impressions conveyed in F i g . k.3 with a s i g n i f i c a n t 
negative l inear trend (p < 0.05) for the graph for aggressive behaviour. 
k.k Discussion 
Bowing showed a s i g n i f i c a n t increment In two pigeons (P31 and P34) , with 
increasing days in i s o l a t i o n . In the th i rd pigeon (P29), the trend was not 
s i g n i f i c a n t . Pigeons never perform bowing when a lone, and the in tens i ty with 
which they perform t h i s behaviour a f t e r I so la t ion suggests that the animals may 
have suffered from a low level of environmental st imulat ion (Welch, 1965). 
i t i s in te res t ing to note that bowing I s a c o n f l i c t behaviour, and I t Is th is 
behaviour and not aggressive behaviour which was performed most frequently 
a f t e r I s o l a t i o n . It Is well known that c o n f l i c t behaviour Is performed aS a 
resul t of the thwarting of a dr ive (HInde, 1970), and I t Is possib le that 
bowing was performed as a resul t of the thwarting of an aggressive d r i ve . 
There I s evidence to suggest that dr iv ing behaviour I s associated with 
courtship (Goodwin, 1955, 1956; Fabr ic lus and Jansson, 1963). This suggests 
the p o s s i b i l i t y that there might be an assoc ia t ion between Lehrman's resu l ts 
on gonadal hormone production in the barbary dove with the r e s u l t s presented 
here for dr iv ing behaviour performance with increasing days in i s o l a t i o n . 
Lehrman (1959. 1963) showed that gonadal hormone production decreased In 
iso la ted male barbary doves and that these reverted to a non-sexual phase. 
In two out of the three pigeons (P29 and P3k) d r iv ing behaviour performance 
shows a s i g n i f i c a n t decrement with increasing days in i s o l a t i o n . With the 
th i rd pigeon (P31) the decrement Is not s i g n i f i c a n t ; but the values for 
dr iv ing behaviour performance for days In i s o l a t i o n are much lower than for 
day 0. 
Therefore a decrement In the performance of dr iv ing behaviour may r e f l e c t 
a change to a non-sexual phase with increasing i s o l a t i o n . A complication In 
the explanation of these r e s u l t s may be that the observed decrement I s not 
brought about s o l e l y by the e f fec t of I s o l a t i o n , but a l s o by the absence of a 
mate, when the pigeons are placed In a soc ia l s i t u a t i o n . In between each 
i s o l a t i o n per iod. 
Aggressive behaviour showed a s i g n i f i c a n t dec l ine with Increasing days In 
I s o l a t i o n , in one of the pigeons (P34, F i g . 4 . 3 ) , in contrast to the resu l ts 
obtained by Franck and Wilhelmi (1973) working with XIphophorus h e l l e r l ( P i s c e s , 
P o e c i l i i d a e ) males. The other two pigeons did not show any s i g n i f i c a n t trends 
in the i r aggressive behaviour, with Increasing days In I s o l a t i o n . Some studies 
show an Increase of aggressive behaviour as a resu l t of I so la t ion (Courchesne 
and Barlow, 1971; V a l ? e l l l , 1969; Welch and Welch, 1969); o t h e r s , however, 
show a decrement ( e .g . Hei1igenberg, 1964; Helllgenberg and Kramer, 1972; Ward, 
1967). The resu l ts of t h i s experiment do not give any c l e a r Indicat ion as 
to which of these e f f e c t s are shown by pigeons. 
In conformity with h is hydraul ic model of motivation (Lorenz, 1950), 
Lorenz (I966) and others claim that animals have an aggressive dr ive which 
bui lds up spontaneously. Th is bulId-up of " a c t i o n - s p e c i f i c energy" f inds 
expression through the performance of aggressive behaviour. However, th is 
model has been c r i t i c i z e d on the grounds that the a c t i o n - s p e c i f i c energy Is 
'used up' In the performance of the behaviour pat tern , whereas most of the 
evidence suggests that behaviour patterns are terminated by various types of 
sensory feedback (Hinde, 1970, chpt. 8; Hell igenberg and Kramer, 1972). 
The resu l ts obtained in t h i s experiment do not suggest a build-up of 
an aggressive d r i v e , over a period of t ime, which energizes f ight ing behaviour. 
I f t h i s were the c a s e , the pigeons would have shown an Increase In aggressive 
behaviour with increasing I s o l a t i o n . 
On the issue of the e f fec t of deprivat ion on the po ten t ia l i t y of an 
animal to perform a c e r t a i n behaviour, McFarland (1971) suggests that "the 
change in motivational s ta te induced In an animal deprived of appropriate 
external st imul i may be said to lead to an Increase In the animal 's potential 
to carry out the behaviour, and when the appropriate external st imul i are 
presented, the In tens i ty of the behaviour I s general ly an Increasing function 
of depr ivat ion" . One can ten ta t ive ly suggest that t h i s i s shown by bowing 
behaviour. 
However, i t I s quite c l e a r that genera l izat ions about the mechanisms 
con t ro l l i ng aggressive behaviour are hard to make. I t Is a l s o c l e a r , that 
these mechanisms d i f f e r in a number of ways from those of say , sexual 
behaviour, and genera l izat ions about the control of one system can be applied 
to the other only with great reserva t ions . 
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Feral pigeons lack secondary, morphological sex c h a r a c t e r i s t i c s ; and 
therefore the i d e n t i f i c a t i o n of the sex of immature, and sometimes mature 
birds i s d i f f i c u l t . There are several t e s t s for sex determination which do 
not involve any operat ive procedures; however, these a r e , to a cer ta in 
extent , unsa t i s fac to ry . One of these tes ts i s the observation of the 
frequency of occurrence of Bowing behaviour. Genera l ly , t h i s behaviour i s 
always seen in male pigeons at a very ear ly age ( re f . sect ion on Ontogeny), 
and young birds or birds which have been obtained through a dea le r , which 
show th is behaviour frequently are l i k e l y to be maies. But the sexing of 
pigeons in th is way can be unre l iab le and one can only be sure of pos i t i ve 
sexing a f t e r thorough observation and understanding of pigeon behaviour. 
Another more r e l i a b l e method i s that of c loaca l examination. F i g . A , l 
shows the urogenital systems of the male and female pigeons. C l e a r l y , 
there are d i s t i n c t d i f ferences in the form and number of openings e . g . the 
Ducta deferent ia in the male, which are missing in the female, and the large 
vaginal opening in the female. For examination, a r i n g - l i t magnifying 
lens i s e s s e n t i a l ; and for convenience the pigeons are anaesthet ised . The 
skin around the cloaca is turned outwards with a pa i r of large, blunt forceps, 
so that the cloaca i t s e l f i s c l e a r l y v i s i b l e . 
However, the most r e l i a b l e method of sex determination in pigeons i s 
by abdominal surgery and gonadal examination. The birds are anaesthet ised 
by an intra-muscular (Pectoral) in jec t ion of Equ i -Thes in . The admlnistered 
dose i s 0.25 ml. per 100 grams body weight. The pigeons are laparotomized 
in the following manner: a l a te ra l i n c i s i o n is made into the peri toneal 
cav i ty below the bottom end of the sternum, between the l a s t in te rcosta l 
spaces on e i ther s ide of the pigeon. The in tes t ines are moved to one s ide 
by means of one or two large s p a t u l a s , s ince the gonads l i e d o r s a l l y in the 
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F i g u r e A , l U r o g e n i t a l organs of tfie p igeon; A , male ; B, f e m a l e . 
The burse (of F a b r i c i u s ) i s a pouch of u n c e r t a i n f u n c t i o n , 
opening d o r s a l l y in to the c l o a c a of b i r d s , (A a f t e r 
R o s e l e r and Lamprecht; B a f t e r Parl<er, ) (Adapted from 
Romer, 1970) . 
b i r d . A ' spo t -beam' of l i g h t i s u s e f u l . Once | b o s i t i v e i d e n t i f i c a t i o n i s 
made, the i n t e s t i n e s a r e r e p l a c e d c a r e f u l l y and the i n c i s i o n i s s t i t c h e d 
up. The whole o p e r a t i v e procedure should tai<e no longer than 10 minutes 
and recovery from the a n a e s t h e t i c i s u s u a l l y a f t e r two to t h r e e h o u r s . 
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(A magnet ic tape encoding keyboard f o r r e c o r d i n g b e h a v i o u r a l o b s e r v a t i o n s ) 
E tho logy has brought new demands on the t e c h n i q u e s o f r e c o r d i n g and 
p r o c e s s i n g b e h a v i o u r a l d a t a . What i s r e q u i r e d i s a sys tem c a p a b l e o f s t o r i n g 
a l a r g e number of independent c h a n n e l s , o n - o f f e v e n t s o f v a r y i n g d u r a t i o n on 
a time b a s i s , in format that I s d i r e c t l y a v a i l a b l e to a computer . The sys tem 
should be e a s i l y t r a n s p o r t a b l e . 
The keyboard can c o n t a i n up to ^9 keys wh ich can be used f o r r e c o r d i n g 
b e h a v i o u r a l data onto magnet ic t a p e . The u n i t used throughout t h i s s tudy 
had t h i r t y keys I n s t a l l e d , o n l y 18 o f which were used a t any one t i m e . The 
keys have a double a c t i o n : heavy f i n g e r p r e s s u r e would lock any one key i n t o 
a ' r e c o r d ' p o s i t i o n u n t i l i t I s p r e s s e d f o r a second t i m e . L i g h t f i n g e r 
p r e s s u r e would o n l y a c t i v a t e a key a s long a s f i n g e r p r e s s u r e i s m a i n t a i n e d . 
F i g u r e B . l shows a s i m p l e b lock diagram f o r the U n i t . Note that when 
the data i s r e p l a y e d through to the i n t e r f a c e i t f i r s t has to p a s s through 
a f i l t e r i n g and r e c t i f y i n g u n i t . T h i s i s a ' m a i n s ' opera ted u n i t wh ich 
f i l t e r s out any unwanted n o i s e p r e s e n t on the p u l s e s and magnet ic t a p e , 
and r e c t i f i e s the s i n u s o i d a l p u l s e s In to d i s t i n c t square w a v e s . Thus the 
p u l s e n o i s e to background n o i s e ( s i g n a l to n o i s e ) r a t i o i s l a r g e , and the 
p o s s i b i l i t y o f an ex t raneous ' p u l s e ' be ing p layed i n t o the i n t e r f a c e i s 
m i n i m a l . 
The datum (or double) p u l s e s a r e produced e v e r y s c a n , and the s c a n n i n g 
f requency depends on the m u l t i v i b r a t o r s e t t i n g ( f r e q u e n c y ) . At I t s p r e s e n t 
s e t t i n g the keyboard i s scanned e v e r y 0 , 3 s e c o n d s ; t h a t I s , when no keys 
a r e d e p r e s s e d a double p u l s e i s produced e v e r y 0 . 3 s e c o n d s , but f i n e r o r 
c o a r s e r s e t t i n g s a r e p o s s i b l e by modi fy ing the m u l t i v i b r a t o r f r e q u e n c y so 
t h a t the s c a n n i n g f requency can be I n c r e a s e d o r d e c r e a s e d to the r e q u i r e d 
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F i g u r e B . l BlocI< diagram f o r the MATE system ( e n c l o s e d by the dot ted 
l i n e ) , showing the main component groups i n v o l v e d in p u l s e 
g e n e r a t i o n . In a d d i t i o n to the r e c o r d i n g output shown above , 
t h e r e a r e two f u r t h e r o u t p u t s : one i s f o r datum p u l s e 
c a l i b r a t i o n and the o t h e r i s the square wave output g e n e r a l l y 
used f o r ' O n - L i n e ' exper imenta l worl<. 
s e t t i n g . The double p u l s e s f u n c t i o n as markers w i t h a f i x e d temporal s p a c i n g : 
when a key I s depressed a c l o c k (square wave) p u l s e i s produced a t a s p e c i f i c 
t ime i n t e r v a l a f t e r the double p u l s e , depending on wh ich o f the keys I s 
d e p r e s s e d . I f any key I s he ld i n a d e p r e s s e d p o s i t i o n , the c l o c k pulse^^Is 
a l s o scanned e v e r y 0 .3 s e c o n d s . 
The datum and c l o c k p u l s e s a r e recorded s e r i a l l y on to magnet ic tape 
a s 15 kHz. c l i c k s hav ing a s i n u s o i d a l waveform. The tape i s r e p l a y e d and 
the data i s fed s e r i a l l y in to the d i g i t a l input o f the WDV I n t e r f a c e to the 
computer . In a d d i t i o n to the ' r e c o r d ' o u t p u t , the keyboard has two o t h e r 
o u t p u t s : one of the o u t p u t s can be used to feed s q u a r e wave p u l s e s d i r e c t l y 
in to the I n t e r f a c e ( t h i s f a c i l i t y I s most u s e f u l when i t I s used f o r 'on 
l i n e ' e x p e r i m e n t a t i o n and a n a l y s i s o f d a t a ; the o t h e r output i s n o r m a l l y 
used f o r the temporal c a l i b r a t i o n o f datum p u l s e s . A n a l y s e d data can be 
s t o r e d both in the p r i n t e d and the paper tape form. The ' M a t e r i a l s and 
Methods' s e c t i o n in Chapte r 3 of t h i s s tudy w i l l a l s o i n c l u d e a b r i e f 
d e s c r i p t i o n on the u s e o f "the MATE f o r the r e c o r d i n g o f b e h a v i o u r a l data 
and the subsequent exper imenta l a n a l y s i s . 
U l t i m a t e l y , o f c o u r s e , keyboards o r computer c o m p a t i b l e event r e c o r d e r s 
must be s u i t a b l e f o r the exper imenta l work to be c a r r i e d out a p a r t from 
c o n s i d e r i n g those sometimes l i m i t i n g f a c t o r s o f c o s t and t i m e . The F e r n a l d / 
Heinecke and WRATS systems have one major drawback In common and t h i s i s 
they both r e q u i r e AC power supply ( t h i s f a c i l i t y I s not a l w a y s r e a d i l y 
a v a i l a b l e in the f i e l d ) , MATE can u s e e i t h e r AC o r DC power which probab ly 
makes i t more s u i t a b l e f o r f i e l d work . However, t h e r e i s one main d i s a d v a n t a g e 
In t h a t the system I s speed dependent i . e . , da ta recorded on to one t a p e -
r e c o r d e r cannot be p layed back on a n o t h e r , s i n c e r e c o r d i n g speeds v a r y from 
one ins t rument to the n e x t . 
White (1969, 1 9 7 1 ) , L e n t z and H a l t h ( 1 9 6 9 ) , and Dawklns ( 1 9 7 0 ) , have 
d e s c r i b e d systems which can be used f o r r e c o r d i n g b e h a v i o u r a l o b s e r v a t i o n s on 
8 i 
to magnet ic t a p e . More r e c e n t l y F e r n a l d and Heineci<e ( 1 9 7 ^ ) , d e s c r i b e a 
computer compat ib le m u l t i - p u r p o s e event r e c o r d e r which r e p l a c e s magnet ic 
tapes a s the i n t e r m e d i a t e s t o r a g e medium, punched paper t a p e . The main 
advantage of the F e r n a l d and Heinecke system i s t h a t the d a t a , recorded on 
paper t a p e , can be read d i r e c t l y by a d i g i t a l computer a t a much f a s t e r r a t e 
than the punching r a t e , o r an encoded magnet ic tape spanning the same leng th 
i n t i me. 
One of the drawbacks w i t h the F e r n a l d and Heinecke sys tem i s the l a r g e 
number of c o d e s , which may g i v e r i s e to some c o n f u s i o n d u r i n g the r e c o r d i n g 
of b e h a v i o u r a l d a t a . Moreover , cod ing has to be used f o r the r e c o r d i n g o f 
s i m u l t a n e o u s l y o c c u r r i n g e v e n t s , thus d e c r e a s i n g the maximum number of 
p o s s i b l e codes ( u n f o r t u n a t e l y the a u t h o r s do not l i s t the maximum number o f 
codes which cou ld be employed when r e c o r d i n g s i m u l t a n e o u s l y o c c u r r i n g e v e n t s ) . 
The MATE system developed in t h i s department i s based on the p r i n c i p l e 
o f P u l s e Code Modulat ion (see Mayo, 1968) a n d , to a c e r t a i n e x t e n t , i s s i m i l a r 
to WRATS (Whi te , 1971 ) . However, I b e l i e v e t h a t the d e s i g n and f u n c t i o n of 
the system I s b a s i c a l l y s i m p l e r and more f l e x i b l e . 
T h i s s i m p l i f i c a t i o n i n d .es ign, may, o f c o u r s e , have i n t r o d u c e d c e r t a i n 
drawbacks; but t h e s e can be e a s i l y overcome by modi fy ing e i t h e r the hardware 
o r the s o f t w a r e . For example , data can be recorded on the s l o w e s t tape 
speed and then p layed back f o r a n a l y s i s a t a f a s t e r speed o f , s a y , 7i i n c h e s 
per s e c o n d . O b v i o u s l y t h i s has the advantage o f f a s t data p r o c e s s i n g coupled 
w i t h a s a v i n g in computer t ime; so tha t by mod i fy ing the s o f t w a r e , the encoded 
tapes may be p layed back a t any speed the o p e r a t o r w i s h e s to u s e . The 
m u l t i v i b r a t o r f requency can be changed to cor respond w i t h the f r e q u e n c y response ; 
of the t a p e - r e c o r d e r in use a t the t i m e . On the w h o l e , however , the MATE'S 
f l e x i b i l i t y i s f a r more dependent on s o f t w a r e m o d i f i c a t i o n . 
S o , in c o n c l u s i o n , MATE i s an i d e a l sys tem f o r modera te ly long r e c o r d i n g 
s e s s i o n s (no longer than a few hours ) and ' O n - l i n e ' c o m p u t a t i o n , and w i t h 
s l i g h t m o d i f i c a t i o n to the hardware i t can a l s o be used a s a m u l t i p l e s w i t c h 
input f o r the a u t o m a t i c mon i to r ing o f peck ing r a t e s , movement e t c . 
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ONTOGENY OF BEHAVIOUR 
In t h i s Appendix I w i l l o u t l i n e the development o f some b e h a v i o u r 
p a t t e r n s based on o b s e r v a t i o n s on seven squabs (4 m a l e , 3 f e m a l e ) , from 
h a t c h i n g to f o u r months of a g e , and an a d d i t i o n a l o b s e r v a t i o n on two males 
and two females up to seven months of a g e . 
On h a t c h i n g , squabs a r e fed a lmost immediate ly by t h e ! r p a r e n t s a l t h o u g h 
the former do not show any i d e n t i f i a b l e begging b e h a v i o u r . As soon a s a 
squab s t r e t c h e s i t s n e c k , the parent b i r d a t t e n d i n g the n e s t immediate ly 
opens i t s b i l l to feed I t . Sometimes the parent b i r d d i r e c t s the s q u a b ' s 
b i l l in to i t s own mouth f o r f e e d i n g . The c a l l s o f d a y - o l d b i r d s a r e b a r e l y 
a u d i b l e and sound l i k e ' c h e e p s ' ; a s f a r a s i cou ld make o u t , the e y e s were 
c l o s e d . 
On the second day a f t e r h a t c h i n g the eyes beg in to open . Begging 
behav iour I s s t i l l l a r g e l y u n d i r e c t e d and not v e r y w e l l d e f i n e d , but a s soon 
a s a squab makes c o n t a c t w i t h the p a r e n t ' s beak , i t pecks a t the beak u n t i l 
I t i s f e d . Between day 4 and day 7 the c a l l s become more a u d i b l e and the 
eyes open f u r t h e r . Moreover , the begging b e h a v i o u r becomes more pronounced, 
and squabs show t h i s behav iour In response tp a r t i f i c i a l s t i m u l a t i o n ( e i t h e r 
by a g l a s s rod o r o n e ' s f i n g e r ) o f the o c u l a r a r e a . At about t h i s t i m e , 
f e a t h e r growth i s n o t i c e a b l e a l t h o u g h the squab i s s t i l l covered w i t h f i n e 
y e l l o w down, and p r e e n i n g - 1 i k e a c t i o n s a r e a l s o s e e n . 
Begging in response to a r t i f i c i a l s t i m u l a t i o n c o n t i n u e s u n t i l the squabs 
a r e ten to e l e v e n days o f a g e , when they begin to show c e r t a i n a l a r m b e h a v i o u r s 
such a s outward movement o f the w i n g s , u n d i r e c t e d a g g r e s s i v e p e c k i n g , 
c r o u c h i n g away from the a u t h o r ' s hand and u t t e r i n g low a m p l i t u d e " c l u c k s " . 
Twelve to f i f t e e n day o l d squabs c o n t i n u e to show t h e s e a l a r m r e s p o n s e s ; 
however, they sometimes show begging a f t e r prolonged s t i m u l a t i o n of the a r e a 
around the e y e s . T h i s behav iour I s a b s e n t from the s e v e n t e e n t h day a f t e r 
h a t c h i n g onwards . 2^ to 3 week o l d b i r d s show such maintenance b e h a v i o u r s 
0,775 s e e s J 5 5 
r 
k (A) 
1.1 sees. 
TIME 
22 
(8) 
8-5 
r 
; •:(j^ :;Ji!:: .:v.v,^.w:i 
-T 
(c) 
7^ 5 
TIME s a c s . (D) 
75 
F i g u r e C . l : Squab c a l l s o r ' c h e e p s ' . (A) two cheeps of an 8 day o l d squab, 
( B ) begging cheeps of a 4 day o l d squab; n o t i c e the ' c l i c k s ' a t 
the beg inn ing of each cheep (A: squab a ; B: squab b ) . 
(C) begging cheeps of a 6 day o l d squab, (D) begging cheeps of 
a k day o l d squab. (C: squab b; D: squab c ) . 
a s wing and leg s t r e t c h , both wings s t r e t c h , p reen ing and h e a d - s h a k i n g . The 
development of t h e s e b e h a v i o u r s c o i n c i d e w i t h f u l l f e a t h e r c o v e r . A g g r e s s i v e 
peck ing by t h r e e week o l d squabs i s more d i r e c t e d , and male b i r d s a l w a y s show 
t h i s behav iour somewhat e a r l i e r and more r e a d i l y than female p i g e o n s . Wing 
f l i c k i n g i s f u l l y developed i n l^- month o l d b i r d s , and a g a i n males show 
r e l a t i v e l y more wing f l i c k i n g than f e m a l e s . 
The v o c a l i s a t i o n s of squabs sound l i k e ' c h e e p s ' , and a r e v e r y f a i n t 
i n day o l d c h i c k s . By the f o u r t h day the c a l l s a r e a u d i b l e enough to 
r e c o r d . The s p e c t r o g r a p h s a r e v e r y i n t e r e s t i n g ( F i g . C . l B & D ) : a t the 
beg inn ing of each c a l l , one can I d e n t i f y a ' c l i c k i n g ' n o i s e wh ich i s majie 
by a squab when i t opens i t s b i l l . T h i s c l i c k d i s a p p e a r s by the t ime the 
squabs a r e 8 days o l d . The c a l l s themse lves have a remarkably l a r g e f r e q u e n c y 
range; but t h i s too becomes q u i t e r e s t r i c t e d a s the squabs get o l d e r ( F i g . G . l 
A & C ) . 
Young male p igeons u t t e r c a l l s s i m i l a r to a d u l t bowing c a l l s but-
hav ing a s o f t e r w a r b l e ( u n f o r t u n a t e l y no sonograms a r e a v a i l a b l e f o r t h e s e 
c a l l s ) , when t h e s e a r e t h r e e to f o u r months o f age ; the f u l l y developed bowing 
d i s p l a y i s seen In f o u r month o l d b i r d s . At t h i s t i m e , female p igeons a l s o 
produce a s o r t o f bowing c a l l , which sounds i r r e g u l a r in compar ison to the 
male v o c a l i s a t i o n s . Two seven month o l d male p igeons showed f u l l c o u r t s h i p 
b e h a v i o u r . I n c l u d i n g d r i v i n g , towards two a d u l t f e m a l e s ; but a t seven months 
a f t e r h a t c h i n g the two females were i n c a p a b l e o f mat ing and had not ye t l a i d 
any e g g s . 
APPENDIX D 
T a b l e s 1 to 5: S e s s i o n t o t a l s ( d u r a t i o n of b e h a v i o u r , in seconds 
per s e s s i o n ) p r e s e n t e d in t a b l e s ( i ) , and d a i l y 
means (mean performance of behav iour in seconds 
per 32 minutes ) p r e s e n t e d i n t a b l e s ( i l ) , f o r 
Exper imenta l S e r i e s 1 to S e r i e s 5 (Exper iment 1, 
Chapter 3 ) . The b e h a v i o u r s recorded d u r i n g the 
exper iment a r e coded as f o l l o w s : -
Behav iour 1 
Behav iour 2 
Behav iour 3 
if 
5 
6 
7 . 
8 . 
. A g g r e s s i v e Peck ing 
. A g g r e s s i v e B i 1 1 i n g 
. Body Pushing 
. Bowing 
. Nodding 
. WIng Vi b r a t i on 
. Wing F l i e k i n g 
. A g g r e s s i v e I n t e n t i o n Peck 
TABLE 1 
( i ) 
BEHAVIOUR 1 
.... — 
2 
3 4 5 6 
• 
8 
DAY SESSION 
1 195 190 28if 282 0 0 153 0 
1 2 176 90 271 294 3 0 55 0 
3 0 0 0 128 21 0 0 1 
0 1 0 262 41 0 0 1 
2 5 0 0 0 290 88 12 9 0 
6 1 1 1 142 56 17 2 12 
7 0 0 0 168 44 13 4 5 
3 8 0 0 0 144 32 27 k 5 
9 0 0 0 97 18 0 2 2 
10 0 3 0 84 36 43 26 6 
k 11 53 58 247 49 13 157 5 
12 1 3 k 181 98 101 19 5 
13 7 16 27 259 81 64 3 2 
5 ]k 1 13 15 238 60 121 20 6 
15 •1 0, 0 181 95 104 5 15 
16 0 1 0 116 35 28 10 8 
6 17 12 85 500 205 0 70 13 
18 0 12 18 216 87 15 13 9 
j 
19 k 1 1 242 69 1 3 21 
7 20 2 0 0 273 69 11 2 38 
21 7 25 29 282 99 8 54 29 
22 18 k3 47 172 21 0 43 1 
8 23 0 0 0 106 53 40 0 7 
2k 0 5 0 149 56 1 5 11 
25 3 25 32 213 66 26 25 17 
9 26 2 2 0 158 21 27 2 50 
27 2 5 1 182 105 99 5 75 
28 2 45 59 236 81 0 45 11 
10 29 0 0 0 148 47 0 0 31 
30 1 37 64 120 61 15 37 9 
( i i ) 
BEHAVIOUR 1 2 3 4 5 
1 — 
6 7 2 i 
DAY 
1 124 93 185 235 8 0 69 0 
2 0 1 0 231 62 10 4 k 
3 0 0 0 136 31 13 3 h 
4 15 19 21 171 61 52 67 5 
5 3 10 14 226 79 96 9 8 
6 4 19 34 277 109 14 31 10 
7 4 9 10 266 79 7 20 29 
8 6 16 16 142 43 14 16 6 
9 2 11 14 184 64 51 11 47 1 
10 1 20 41 
1 1 
168 63 
1 ( 
27 • 17 1 
TABLE 2 8 i 
( I ) 
BEHAVIOUR i 1 i 2 : 3 ^ 4 1 5 1 ^ 1 7 8 
: DAY 
I 
SESSION 
1 i 
! 
i 
1 
1 
) 1 i 481 i 201 228 1 286 1 0 114 1 
1 2 I 452 i 43 56 ! 174 92 0 18 0 
i 3 1 350 j 44 36 i 70 31 0 62 0 
1 k 
i 
564 26 27 ! 128 130 57 24 0 
i 2 5 1 36 1 i 0 1 146 311 354 0 0 i 
i 6 1 22 0 0 ^ 31 109 177 0 0 1 
7 39 1 0 ! 46 544 1029 0 0 ! 
3 8 560 25 26 75 276 171 39 0 i 
9 243 20 21 49 207 40 7 0 ! 
10 299 3 35 79 316 219 11 ,0 
4 11 302 57 42 88 54 0 22 0 
12 4 .0 0 23 50 0 0 0 
13 6 0 0 40 400 109 0 0 
5 ]k 3 0 0 176 459 16 23 23 
15 205 15 11 35 105 21 7 7 
16 183 12 28 154 138 7 16 7 
6 17 0 0 0 47 54 0 0 3 
18 172 46 34 146 131 0 14 26 
19 0 • 0 0 101 354 190 9 
i 
30 
7 20 18 91 98 88 215 8 74 48 
21 24 55 58 138 164 0 42 17 
22 0 0 0 67 271 97 1 6 
8 23 0 0 0 22 61 0 3 14 
24 0 0 0 29 113 38 3 . 18 
25 0 0 0 128 240 61 8 24 
9 26 88 201 229 178 128 13 93 24 
27 0 0 0 145 222 5 7 37 
28 0 0 0 118 361 142 
i 
4 23 
10 29 0 0 0 69 177 4 5 38 
30 0 0 0 47 99 0 2 13 
( l i ) 
BEHAVIOUR 1 2 3 4 5 6 7 
r T 
8 
DAY 
1 428 96 107 177 41 0 65 0 
2 207 9 9 102 183 196 8 0 
3 281 15 16 57 342 413 15 0 
4 202 20 26 63 140 73 11 0 
5 71 5 4 84 321 49 10 10 
6 118 19 21 116 108- 2 10 12 
7 14 49 52 109 244 66 42 32 ; 
8 0 0 0 39 148 45 2 13 
9 29 67 76 150 197 26 36 28 
10 0 0 0 78 212 49 4 25 
TABLE 3 
( i ) 
B E H A V I O U R 1 2 3 4 
r — 
i 5 i 6 7 
t 
1 
i 8 
i DAY S E S S I O N : 
j 
t 
1 
1 . 1 8 9 1 0 1 2 1 2 0 • 0 0 i 0 
! 1 2 8 9 2 5 8 3 0 7 4 4 0 150 . 16 9 8 2 
i 
i 3 9 • 4 6 • 5 1 2 9 4 i 3 1 9 1 3 6 2 17 4 
c 
4 18 5 4 81 3 4 3 2 5 8 1 2 7 3 9 1 3 
1 
5 5 8 8 3 0 0 181 108 3 68 
1 
! 6 1 9 2 4 2 9 2 8 7 7 3 2 1 1 9 4 9 
i 7 0 0 0 101 44 4 0 i 1 2 3 8 • • 5 0 0 311 1 0 4 56 0 22 
9 2 4 2 182 2 9 5 5 7 9 1 7 0 1 5 206 6 
10 2 4 22 32 180 184 3 3 5 1 9 0 
4 11 13 13 1 8 282 2 1 6 209 2 3 1 0 
1 2 1 7 0 0 250 1 4 9 133 1 68 
1 3 2 0 2 0 2 0 4 5 2 9 1 1 1 9 2 5 17 
5 1 4 5 7 2 0 2 6 2 0 5 1 9 0 3 4 2 5 3 15 
15 4 0 0 2 4 7 1 1 3 2 3 1 3 4 
1 6 3 4 2 0 3 7 2 8 5 1 1 6 135 1 2 
1 
4 1 1 
6 1 7 4 3 2 9 5 7 1 2 7 105 2 0 2 3 4 
1 8 1 1 1 1 7 0 1 5 4 226 3 2 5 ' 
1 9 288 2 0 9 4 1 0 4 1 6 8 5 35 2 5 4 59 
7 2 0 3 2 3 2 8 8 5 2 6 1 6 8 99 0 4 0 6 0 
2 1 0 0 0 4 6 3 4 1 0 0 4 
22 3 1 1 18 255 9 5 2 7 4 2 
i 
13 i 8 23 138 66 1 4 4 256 103 72 107 6 i 
2 4 2 9 17 226 121 1 10 27 38 1 
25 20 2 0 207 9 2 203 3 
1 
1 9 i 
9 26 3 25 3 9 1 1 9 81 3 9 22 1 1 
27 8 2 174 ' 71 1 4 7 1 15 1 
28 17 7 1 2 108 170 825 10 
1 
0 
1 0 2 9 1 3 7 61 1 2 4 2 4 9 2 1 0 867 81 0 
3 0 0 
1 
0 0 82 Jill 1 0 7 3 1 0 0 
( l i ) 
t 
B E H A V I O U R 1 2 3 4 5 6 7 8 1 
DAY 
j 
t 
1 62 102 119 6 4 9 1 5 6 126 38 2 i 
2 1 4 2 9 3 9 310 1 7 1 8 5 20 4 3 i 
3 8 2 61 9 8 330 106 2 5 6 9 10 i 
k 18 12 1 7 237 183 226 1 4 26 ^ 
• 
5 2 7 13 1 5 3 0 1 131 1 6 1 26 2 2 i 
6 26 17 32 1 9 4 1 2 5 1 2 7 13 23 i 
7 2 0 4 1 6 6 312 2 1 0 7 3 1 5 2 2 0 2 1 ! 
8 4 8 2 9 60 2 4 6 106 7 0 5 9 1 9 ! 
9 10 10 1 3 1 6 7 8 1 130 9 1 2 1 
10 51 2 3 4 5 
—. • - ~—. 
1 4 6 1 6 8 9 2 2 1 30 
_ _ 1 
0 ; 
._ . . . -* 
TABLE 4 
( i ) 
j 
i BEHAVIOUR 
1 2 3 4 5 6 7 8 
1 DAY SESSION 
i 
I 1 309 211 329 288 187 0 157 62 
i 1 2 49 186 281 38 126 3 222 1 
! 3 21 34 57 5 63 9 52 14 
4 0 0 0 1 34 0 0 5 
2 5 0 0 0. 21 131 192 7 39 
6 0 0 0 71 305 264 13 31 
7 0 0 0 38 131 122 7 40 
3 8 27 23 62 127 263 302 41 29 
9 2 1 0 43 157 118 4 28 
10 0 0 0 59 56 7 6 24 
4 11 17 39 62 180 232 72 49 31 
12 0 0 0 86 136 53 3 26 
13 0 0 0 54 57 13 3 18 
5 14 1 0 0 152 153 133 25 52 
15 18 75 104 185 382 305 65 29 
16 0 0 2 71 157 68 6 26 
6 17 0 0 0 96 96 43 10 42 
18 0 0 0 112 169 136 13 68 
19 0 0 0 80 100 140 5 29 i 
7 20 2 23 24 93 136 100 17 33 1 
21 0 0 0 83 95 .39 8 22 
22 0 0 0 90 60 7 3 32 
8 23 5 27 49 155 178 176 21 23 
24 0 0 0 65 115 182 7 32 ' 
25 0 0 0 75 97 15 7 24 i 
9 26 0 0 0 59 87 45 6 28 i 
27 16 30 67 130 235 143 37 14 
28 0 0 0 55 90 4 0 17 
10 29 0 0 0 65 106 0 10 25 
30 7 23 51 112 174 113 32 2 
( i l ) 
j BEHAVIOUR 1 
1 1 
2 3 4 5 6 7 8 
DAY 
1 126 144 222 1 10 125 4 144 26 
2 0 0 0 31 157 152 7 25 
; 3 10 8 21 69 184 181 17 32 
i 4 6 13 21 108 141 44 19 27 
i 5 6 25 35 130 197 150 31 33 ! 
' 6 0 0 1 93 141 82 10 45 i 
i 7 1 8 8 85 110 93 10 28 1 
8 2 9 16 103 118 122 10 29 1 
9 5 10 22 88 140 68 17 ' 22 i 
10 • 2 8 17 77 123 39 14 15 i 
TABLE 5 91 
( i ) 
( i i ) 
BEHAVIOUR 
1 
1 2 
r ' 
5 r T 8 
DAY SESSION i i 
i 
i 
! 
1 84 43 ' n o 165 88 0 82 i 2 i 
1 2 25 67 98 119 116 45 96 1 1 : 
3 102 16 32 96 90 29 96 1 7 1 
4 0 0 0 53 212 155 
1 
15 i 12 : 
2 5 6 25 i 52 92 86 170 67 i 8 ' 
6 33 32 ' 65 96 237 474 105 i 
i 
5 i 
7 0 0 0 46 127 113 5 i ^ I 
3 8 0 0 32 148 337 12 1 2 : 
9 14 27 50 155 283 252 50 1 10 i 
10 0 0 0 31 16-1 250 5 : 1 
4 11 24 31 73 81 130 89 50 1 8 
12 40 65 121 206 202 58 47 i 7 
i 
1 13 9 27 53 124 148 121 45 i 1 1 5 14 17 21 46 92 176 122 21 ; 5 
i 15 20 27 33 138 270 97 47 i 2 ; 
i 
16 1 3 4 61 90 108 4 i 0 1 
6 17 0 0 0 13 15 12 0 ; 0 ! 
18 0 0 0 31 45 0 0 : 0 ! 
19 39 36 57 270 242 79 79 i i 1 ! 
7 20 72 52 99 201 406 52 77 ! 5 
21 21 36 46 198 430 73 55 ; 1 
22 15 19 28 172 442 269 32 i 3 
8 23 32 18 43 150 454 153 27 i 3 
24 66 53 88 103 507 258 80 i 1 
25 33 13 20 98 567 319 52 ' 8 
9 26 20 18 , 22 93 417 288 51 i 3 
27 34 21 31 121 436 109 38 1 
. . 1 
12 
28 n 7 17 155 398 204 
1 
17 : 3 
! 10 29 0 0 0 26 207 43 0 : 5 
30 29 32 30 73 211 44 50 ; J.. 
BEHAVIOUR 1 2 3 4 5 6 
1 
7 i 
i 
8 
DAY i i 
1 70 42 80 127 98 25 91 1 3 
2 13 19 39 80 178 266 40 ! 8 i 
3 5 9 17 78 186 234 22 ; 5 
4 21 32 65 106 164 132 34 ! 5 
5 15 25 44 118 198 113 38 i 3 1 
6 0 1 1 35 50 40 1 i Q 1 
7 44 41 67 223 359 68 70 •: 2 i 
8 38 30 53 142 468 227 46 i 
1 
2 
9 29 17 24 104 473 239 47 i 8 ; 
10 13 13 16 85 272 97 22 i 4 ! — 
TABL 
92 
BEHAVIOUR 5 I 6 
DAY 
1 162 95 1^ +3 260 • 86 31 81 6 
2 ^7 12 17 151 150 89 16 16 
3 76 19 30 ]3k 170 173 25 10 
k 52 , 9 30 137 138 105 29 13 
5 2k 16 22 172 185 114 23 15 
6 30 1 ] 18 143 107 53 13 18 
7 53 55 90 179 173 50 72 22 
8 19 17 29 134 177 96 27 14 
9 15 23 30 139 191 103 2k 23 
10 13 13 2k 111 168 222 19 12 I 
Table showing the total da i ly means for a l l the behaviours over 
days (n = 5 0 ) , for a l l the Experimental S e r i e s . 
APPENDIX E 
In the following Appendix, interoorrelations between behaviours for 
both session totals and dally means are presented systematically for 
a l l the Experimental Series (computed from Data presented In Appendix 0 ) , 
The word "Variable" In the correlation tnatrlces, stands for "Behaviour", 
and the Behaviours recorded during tlie experirnent are coded as follows:-
Behavlour 1 Aggressive Pecking 
Behtaviour 2 . . . Aggressive Bi l l ing 
Behaviour 3 . . . Body Pushing 
" k ,.. Bowing 
5 . . . Nodding 
" 6 . . . Wing Vibration 
" 7 . . . Wing Fliclcing 
" 8 . . . Aggressive Intention Pecit 
APPEI«)IX E 
Tables El - E5 These correlation matrices show intercorrelations 
between behaviours (session totals, see Appendix 
D) over sessions (n « 30), for experin^enial 
series 1 to 5. 
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APPENDIX F 
Appendix showing raw data ( tab les 'F . I t o F.3) and data ( tab les F.h 
t o F,12) f o r l i n e a r t rend a n a l y s i s ( a f t e r S t i l l , 1967), f o r 
Experiment 2 (Chapter k). 
l U 
Tables F. l t o F.3 
(Tables o f raw sco res , showing the d u r a t i o n o f each behaviour ( i n seconds 
per 32 minute session) a f t e r i s o l a t i o n , f o r each p i g e o n ) . 
Table F . l : P31. 
Table F.2: P34 
BEHAVIOUR AGGRESSIVE 
BEHAVIOUR 
BOWING -
DRIVING 
1 DAYS IN 
j ISOLATION 
92 334 717 
2 138 262 28 
k 71 330 21 
8 165 515 264 
16 91 1040 231 
32 22 1034 420 
• 
BEHAVIOUR AGGRESSIVE 
BEHAVIOUR 
BOWING DRIVING 
DAYS IN 
ISOLATION 
• 
j 
0 1 660 422 
2 63 664 540 
k 5 695 453 
8 21 772 406 
16 9 752 151 
32 0 
- -
1115 189 \ 
Table F.3: P29. 
BEHAVIOUR AGGRESSIVE 
i BEHAVIOUR 
BOWING 
DAYS IN i 
ISOLATION 
1 
1 
i 
0 1 
144 : 385 85 
i 226 502 74 
4 ! 5 129 3 
i 
8 i 
415 
1 
21 
16 115 1 41 
i 
0 
32 ! 275 i 225 0 
DRIVING 
l i i 
Tables F.4 to F.12: L inear t rend a n a l y s i s data on the 
scores presented i n t ab les F. l to 
F.3. The t e s t i s based on the Wilcoxon 
matched-pai rs s igned- ranks t e s t . 
Table F.4: P31. Trend a n a l y s i s data f o r Bowing behaviour 
i 
i Days in i s o l a t i o n 0 2 \ 4 
i 
8 16 32 
Session 
per i od 
1 129.1 116,1 141.3 90.6 199.4 137.6 
2 34.7 103.9 153.5 115.0 151.6 159.0 
3 3.3 34.4 14.0 76 .9 99.8 174,2 
4 7.3 0.0 21,0 76.2 174,6 162.4 
5 6.2 7.3 o.,b 66.2 11.3 157.6 
6 99.8 0.0 0.0 84.7 133.5 150.9 
7 53.6 0.0 0.0 0.0 150.2 12.2 
8 0.0 0.0 0.0 2.5 19.9 79.9 
Each pe r iod was o f 4 minutes d u r a t i o n T = 0 , Li near t rend 
s i g n i f i c a n t 
p < 0.01 
Table F.5: P31. Trend a n a l y s i s data f o r D r i v i n g behaviour 
Days i n I s o l a t i o n 0 2 4 8 16 32 
Sessi on 
per i od i 
1 81.3 26.1 16,2 61.7 9.2 54.0 
2 100.9 2.2 4 ,8 114,6 58.4 59.5 1 
i 3 121.7 0.0 0,0 15.5 88,4 62.5 
4 165.0 0.0 0.0 27.0 16,2 65.1 
5 188,6 0.0 0.0 1.8 51.7 47.7 
6 60.3 0.0 0,0 43.2 0.3 36.9 
1 
7 0,0 0.0 0,0 0,0 6.6 55.8 1 
8 0,0 0.0 0,0 0.0 0,0 38,8 : 
Each pe r iod was o f 4 minutes d u r a t i o n T = 16, L inear t rend 
i s not s i g n i f i c a n t 
Table F.6: P31. Trend a n a l y s i s data f o r Aggress ive Behaviour 
f 
1 
1 Days i n ! s o l a t l o n 0 
1 
i 2 k 1 
1 3 1 16 i 32 1 
; Session 
i per iod 
• 
• 
1 
! 
I 
I 1 h.h 68.2 33.5 77.1 6.2 5.1 i 
i 2 30.3 52.3 30,7 9.9 6 .9 8.1 
1 3 \k.k 14.0 0.0 58.2 0.0 0.0 
1 
i k 
t 
21.0 0.0 7.7 3.0 1 .k 0.0 1 
' 5 1 1 .0 0.0 0,0 13.1 2,5 0,0 j 
i ^ 10.3 0.0 0.0 3.9 18.7 1,8 i 
7 0.0 0.0 0.0 0.0 14.6 0.0 j 
8 0.0 0,0 0.0 0.0 40 .9 7.0 \ 
"Each pe r iod was o f 4 minutes d u r a t i o n T = 15, L inear t rend 
i s not s i g n i f i c a n t 
Table F.7: P34. Trend a n a l y s i s data f o r Bowing behaviour 
; Days in i s o l a t i o n 0 2 4 8 16 32 
Session 
per iod 
1 57,3 61.7 83.9 107.6 174,6 171.6 
2 103.9 101.7 95.0 143,9 156.1 191.6 
3 154.2 106,9 113.9 119.4 143.5 155,7 
4 118.0 79 .9 108.3 103.2 124.6 194.9 
5 1 12.0 82.8 88.4 76,5 59.9 136.1 
6 64,3 89,9 86.9 74.3 9.6 179.8 
7 38.1 77.3 78,4 69.5 83.6 77,3 i 
8 12,2 64,0 39.9 77,6 0,0 8.1 1 
"Each pe r iod was o f 4 minutes d u r a t i o n T = 3 . L inear t rend 
si gni f i cant 
p < 0,05 
Table F.8: P34, Trend a n a l y s i s data f o r D r i v i n g behaviour 
Days i n I s o l a t i o n 
1 • • 
0 2 
1 
•:• 4 8 1 16 32 
Session 
1 
i 
• 
per iod t 
1 86.9 121.7 113.9 100,2 1 38.8 61,7 
2 143.9 60.6 65.8 51.0 31.0 17.0 : 
3 61.4 34.7 80.6 53.6 1 18,4 21.8 i 
4 38.4 68 .4 43.2 33.6 34,0 12,9 
5 ' 49.2 86.2 98.4 49.2 j 0.0 0.7 j 
6 1 17.3 33.2 41 .4 71.7 i 0.0 2.5 i 
7 ! 17.0 98,7 5.9 33.2 1 
1 
29.2 64.0 
8 i 8,1 36.2 3.6 13.6 i 0,0 8.5 ; 
"Each pe r iod was o f 4 minutes d u r a t i o n T = 1 , L inear t rend 
si gni f i cant 
p < 0,02 
Tab1e F.9: P34, Trend a n a l y s i s data f o r Aggress ive behaviour 
r- T 
Days i n I s o l a t i o n | 0 2 8 16 32 1 
Session j 1 
per iod j j 1 
1 
1 i 0,0 1 8,3 0,0 0,0 0.0 0.0 ! 
2 ; 0 . 5 . ; 3.3 2,2 21.3 0,0 0,0 i 
3 ; 0,0 i 3.6 0,0 0.0 0,0 0.0 1 
k \ 1,0 1.4 0,0 0,0 8,8 0.0 I 
5 1 0.0 ! 4 .7 0.5 0,0 0,0 0.0 I 
i 
6 ; 0.0 1 8,4 1.8 0.0 0.0 0,0 I 
7 1 0,0 1 8,4 2,9 0,0 0.0 0,0 j 
8 ! 0.0 ! 24.6 0.0 0.0 0.0 0.0 ; 
Each pe r iod was o f 4 mi nutes d u r a t i o n T = 4 , Li nea r t rend 
si gni f i cant 
p < 0.05 
Table F.IO: P29, Trend a n a l y s i s data f o r Bowing behaviour 
\ Days in i s o l a t i o n 
1 
2 
r 
4 8 16 32 
1 Session 
pe r iod 
• 1 28.1 135.0 118.0 113.9 0,0 0.0 
' 2 55.1 92.8 0.0 83.9 0.0 0.0 
\ 3 125,4 109.8 0,0 0.0 . 1.8 0.0 
: 4 83.2 46 .9 0.0 27.0 39.2 0.0 
5 4 ,8 98.7 10.7 136.1 0.0 123.5 
6 
1 
65.1 1.8 0.0 0,0 0,0 54.7 
1 
; 7 23.3 17.0 0.0 54,3 0.0 i 34.0 
8 0.0 0.0 0.0 0,0 0.0 ; 12,5 
Each pe r iod was o f 4 minutes d u r a t i o n T = 1 1 , L inear t rend 
i s not s i g n i f i c a n t 
Table F .11 : P29. Trend a n a l y s i s data f o r D r i v i n g behaviour 
Days i n I s o l a t i o n 0 2 • 4 8 16 32 
Sess ion ' 
per i od 
1 15.1 31.4 2 .9 18.4 0.0 0.0 
2 59.9 4 .0 0.0 2.2 0.0 0.0 , 
3 0.0 31.8 0.0 0.0 0.0 0.0 
4 2.5 7.0 0.0 0.0 0.0 0.0 
5 0.0 0.0 0,0 0,0 0,0 0,0 
6 7,0 0.0 0.0 0,0 0.0 0.0 
7 0.0 0,0 0.0 0.0 0,0 0.0 
8 0,0 0,0 0.0 0.0 0.0 0.0 
'Each per iod was o f 4 minutes d u r a t i o n T = 0 , Li near t rend 
si gni f i cant 
p < 0.01 
Table F.12: P29. Trend a n a l y s i s data f o r Aqg-'ussive Behaviour 
l b 
[ Days i n I s o l a t i o n i 0 2 4 8 16 32 
Session 
per iod 
1 I 52.0 29.1 2.5 10.9 1 .0 0.0 
2 i 56,6 1.4 0,0 9.9 0.0 1.4 
3 4 .0 1.1 0,0 0.0 61.2 1 .0 
i ^ 1,1 158,5 0.0 0.0 53.0 169.6 
5 9.2 1,8 2.5 15,0 0.0 52.3 
; ^ 22,1 18,4 0,0 0,0 0 .0 43 .4 
; 7 0,0 15.0 0.0 0.0 0.0 0.0 
• 8 0,0 0,0 0.0 0,0 0,0 6 .9 
Each pe r iod was o f 4 minutes d u r a t i o n T = 20 , Li near t rend 
i s not s i g n i f i c a n t 
1 1 i 
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